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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


New York, September 26, 1902. 

The 168th meeting was held this date at 12 West 31st Street, 
and was called to order by Past-President Steinmetz, at 8:50 
PM. 

PAST-PRESIDENT STEINMETZ:—Gentlemen, the meeting is 
called to order. The first item of business on the program of this 
evening, which it is my pleasure to execute, is the introduction to 
you of our new President, my friend Mr. Charles F. Scott. It is 
really unnecessary to introduce him, as Mr. Scott is very well 
known to you, not only by his reputation in engineering work 
but also by the very active part he has taken in the meetings asa 
member, and in the work of the Committees of the Board of 
Directors, to which he has belonged for a number of years. I 
take very great pleasure in relinquishing the Chair in favor of 
Mr. Scott. 

[President Scott then read an address on “ Proposed Develop- 
ments of the InsTiTUTE.”’ See page 3.] 

PRESIDENT ScotT:—It has been my good fortune to have 
been associated in my professional work with a very) able 
and congenial corps of associates. One man who has pro- 
duced a great deal of good work has been of a rather quiet, 
retiring disposition. He has let his work speak for itself. 
But I am sure that all of those who, together with myself, 
have been co-workers with him will join me in saying that 
whatever of success and whatever of reputation Westinghouse 
machines may have, is due to him, both directly and indirectly, 
as the electrical engineers who are in the machine design work 
of the company have been trained up as his disciples. One 
the latest pieces of his work we are here this evening to have pre- 
sented to us by the gentleman himself, and I take great pleasure 
in introducing him—Mr. B. G. Lamme. 

[Mr. Lamme read his paper, entitled ‘‘ Washington, Baltimore 
and Annapolis Single Phase Railway.” See page 15.] 
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An address delivered at the 168:h Meeting of the 
American Institute of Electrical Engineers, New 
York, Septcmber 26th, 1902. 
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' PROPOSED DEVELOPMENTS OF THE INSTITUTE. 


An address 
By Cuas. F. Scott, President. 


GENTLEMEN :—To-day your newly-elected officers enter upon 
their duties, and another year begins. Before entering upon the 
routine of our regular work, let us pause to consider the functions 
of our INSTITUTE, its present status and its future possibilities. 

The position occupied by the electrical engineer is unique. 
The science which underlies his work is most fascinating and 
most fruitful. Its applications are not confined to a limited 
field. There is scarcely a branch of human activity that 
has not received its quickening touch. So rapidly have elec- 
trical novelites become commercial necessities and simple 
experiments evolved great systems that a new branch of 
engineering has been developed in a score of years. The 
scope of the electrical engineering profession has developed 
from trivial beginnings until it includes works of the greatest. 
diversity and magnitude and far-reaching consequences, in 
industrial, commercial and social life. This development has 
been the result not of mere chance, but of a combination of 
favoring conditions. Faraday and Maxwell laid the foundations 
of electrical science and the general mechanical, industrial and 
scientific evolution of the nineteenth century gave the necessary 
opportunity and impetus to its commercial application. Elec- 
tricity is usually a means, an agency,and is not in itself an end. 
In order that electricity may be applied, there must be that to 
which it can be applied. The electric motor, for example, would 
be of little consequence if there were no field for it—if there were 
no machine-shops or mills, no elevators or street cars. It is 
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because the steam engine has for a century been training men to 
use mechanical power, and because the existing methods of 
transmitting and distributing power have such fixed and narrow 
limitations, that the electrical system has so quickly taken its 
place between engine and lathe, between the waterfall and the 
loom. It is because the science of electrochemistry was advanc- 
ing that the dynamo found a place in electrochemical industries 
and, in turn, cheap electrical energy has accelerated electro- 
chemical development. It is notable that the greater part of 
the power developed at Niagara Falls is used in electrochemical 
and allied processes, in the manufacture of aluminium, carbor- 
undum, sodium, chlorine, caustic soda, calcium carbide, phos- 
phorous, graphite and barium hydrate; while in almost every 
case even the discovery of the processitself, as wellas the develop- 
ment of the industry, has occurred since the work upon the power 
plant was begun. 

It is a hackneyed theme—the infancy of electricity; and yet 
to obtain a just view of his position the electrical engineer must 
realize how brief compared with other branches of engineering is 
the experience upon which his work is based. Even the man who 
has been called the ‘‘ Father of Electrical Engineering,’ whose 
theoretical and mechanical skill made possible the suceess of the 
ocean cable, is still a vigorous worker, and quite recently the 
INSTITUTE was privileged to tender himareception. I refer, of - 
course, to our distinguished Honorary Member, Lord Kelvin. It 
is not yet twenty-seven years, the age required for full 
membership in the INsTITUTE, since the Centennial Exposi- 
tion gave an impetus to electrical invention and the telephone 
was made public. It was not until 1884, the year of the Phila- 
delphia International Electrical Exposition, that measures were 
taken for establishing a national organization among electrical 
men, and the AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
was established. Its first President, Dr. Norvin Green, and 
half of its vice-presidents and managers weré identified with 
the telegraph. The practical electricians of those days were 
telegraph men, but now a new generation has arisen to whom the 
click of the sounder is unintelligible. 

The past fifty years and notably the past decade have wit- 
nessed a general development of such magnitude that it marks an 
epoch in the World’s history. And in this development, elec- 
tricity has been foremost. I will not attempt to recount and 
catalogue what has been accomplished, in how many ways 
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electricity has proven useful, the various purposes for which it 
is employed in industrial and manufacturing enterprises, nor 
to what extent the telephone, telegraph and cable haye affected 
domestic, commercial, social and national life; I will not mention 
the results which the railway motor in city, suburban and inter- 
urban service is effecting in the cheapening of travel and the re- 
distribution of population; I will not dwell upon the far-reaching 
effects in the economic world of an agent which makes possible 
the combination of formerly diverse interests by operating in one 
great system local and interurban railways, mills, shops, ele- 
vators, street lighting and indoor illumination; nor will I even 
attempt to sum up all these achievements and estimate by how 
much the results of human activity are increased through the 
agency of electricity. The point I do make is the rapid growth 
and the magnitude of the work and the far-reaching responsi- 
bilities which have so quickly devolved upon the electrical pro- 
fession. 

Consider for a moment the financial aspect. It is estimated 
that the total investment in electrical applications outside of 
telegraphy and telephony at the time this INsTITUTE was founded, 
did not exceed $1,000,000. At the present time the estimated 
capitalization of electrical applications in the United States 
approximates $4,000,000,000. In other words, electricity repre- 
sents a value about one-third as great as that represented by the 
investment in our steam railway systems. Speaking generally ,this 
enormous expansion has been made possible by the electrical 
engineer, and furthermore the successful outcome of these invest- 
ments depends upon his work. Even these figures do not 
fully measure the vast responsibilities which are entrusted to the 
electrical engineer, since they take no account of the importance 
of his work in the many industries and enterprises which use 
electrical apparatus in a merely subsidiary or auxiliary way. 

The work which the future has in store for the electrical engi- 
neer seems even greater. Scarcely a plan for future progress is 
proposed either by the practical and conservative business man, 
manufacturer or engineer, or by the sanguine promoter or 
the imaginative writer who portrays an Utopian civilization, 
which does not involve some application of electricity. 

We are now at a time of general prosperity. Will this con- 
tinue? Is prosperity a normal condition, or are successions of 
prosperity and depression inevitable? Continued prosperity 
requires high efficiency. Effort must not be wasted or dissipated. 
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The ordinary activities and functions of industrial and commer- 
cial life must be efficiently pertormed, and energy must not be 
lost through great undertakings which tail in the execution, or 
accomplish no useful result. Imagine the results had the 
hundreds of millions of pounds expended by England on the 
South African war been devoted to the development of the coun- 
try, by establishing eiectrical railways and lighting and power 
plants. Consider what a drain upon the resources of a coun- 
try both in wealth and in men, are alarge standing army and navy. 
Even granting that wars have been necessary factors in 
the world’s history, and that on the whole they have been 
beneficial, nevertheless tncv inaicate how vast are the 
forces which have directiy retarded rather than advanced 
material prosperity. There is no doubt but that the forces at 
hand are ample to maintain a constantly increasing condition of 
prosperity if they be wisely directed. A grave responsibility 
rests upon the intelligent, the wealthy and the directing classes. 

As a factor in maintaining prosperity, the work of the electrical 
engineer is of great consequence. Applied electricity so in- 
creases the efficiency of industrial and commercial life that a given 
expenditure of energy can produce greater results in less time. 
The electrical engineer is cailied upon to advise and direct in 
many large undertakings and upon the soundness of his judg- 
ment depends success or Iailure. Since electricity occupies so 
vital a place in the affairs of tne present, and wili be an increasing 
element in those of the future, tne electrical engineer must be an 
important agent in avoiding depression and maintaining pros- 
perity. 

If we were to consider furtner tne indirect as well as the 
- direct relations of the electricai engineer to industrial and com- 
mercial and social interests we would be more deeply impressed 
with the responsibility of his part in the world’s work Ina pro- 
. fession where there are so many workers, where the majority of 
them are young men,where their work is so closely connected with 
scientific investigation and witn wnat 1s being done in allied pro- 
fessions, when the rate of advance is so great in scientific dis- 
covery, in invention, in application to processes which are new and 
to undertakings of increasing value, and particularly in a country 
which is recognized as foremost in electrical development, there 
is a unique field for a national organization such as the 
AMERICAN INSTITUTE OF ELEcTRICAL ENGINEERS. In a pro- : 
fession whose interests are so diversified and so extended, 
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‘workers should be brought together. They should have a 
common meeting place: Here discoveries may be an- 
nounced, inventions described, engineering schemes criticized 
and new undertakings presented and discussed. Here the 
student and professor, the investigator, the inventor, the manu- 
facturer, the operator and the consulting engineer may meet 
upon common ground, The engineer who is tempted to ridicule 
scientific work finds that it is the foundation upon which his own 
work rests. The professor who regards slightly the work of the 
designing or constructing engineer may find that his own cher- 
ished formule are derived from the rules and contain the con- 
stants which the practical man has determined for himself. Asse- 
ciation leads to mutual understanding, it curbs eccentricity and 
one-sided development, and promotes symmetrical advancement. 

It is the function of the American INSTITUTE oF ELEC- 
TRICAL ENGINEERS to bring individual workers into a common 
unity, to join them in a community of interest—a fraternity 
which is called the electrical engineering profession. It should 
place the profession of electrical engineering above suspicion of 
corruption and chicanery and should call for high standards of 
dignity and honorable accomplishment. It should discounte- 
nance the spirit of blind partisanship and of depreciation of 
others’ efforts among those who are divided by commercial inter- 
ests, whether they represent competitors or buyer and seller. 
While each has his individual interests, there is a general interest 
which iscommon to all. All share in that which discredits the 
profession as well as in that which elevates and advances it. 

It is the function of the INsTITUTE to bring together con- 
tinually the diversified achievements of many workers, which 
taken altogether constitute a single total of accomplishment—a 
total which is called progress. It should discriminate between that 
whichis substantial and that which is not. It should place the 
stamp of recognition and approval upon all that is meritorious 
and marks an advance in the art. 

It is the function of the InsTiITUTE to take the lead in such 
measures as will promote the general interests of the profession 
and the efficiency of electrical work. 

In the past the American INSTITUTE OF ELEcTRICAL ENGI- 
NEERs has represented the profession and advanced its interests — 
in various ways: © 

It has taken a prominent part in’ establishing uniform 
insurance rules in a National Code. 
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It has been conspicuous in representing American engineers 
at international expositions and international congresses both in 
America and abroad. In the same connection it has been active 
in establishing international standards, and through its 
advocacy the name Henry, in honor of an American electrician, 
has secured a place in the list of electrical units. 

lt prepared in 1890 the standard wiring table for lighting and 
power purposes, which has been of great service in standardizing 
electrical calculations. 

It has established a code of standardization covering names, 
definitions, methods of rating, tests and the like, which is of the 
greatest service in unifying and simplifying electrical practice. 

It has established through the generosity of a few individuals 
a library which in historic value is unequaled. 

It has brought electricians together in annual conventions 
and in monthly meetings, it has stimulated activity through 
papers and discussions which have dealt with vital problems, 
it has developed in eighteen Volumes of TRANSACTIONS a pano- 
ramic history of American Electrical Engineering. 

Let us now turn our attention to the future and consider the 
specific ways in which the work of the INsTITUTE may be ad- 
vanced during the coming year: 

1. The membership should be increased. The power and 
influence of the INSTITUTE is dependent upon the number, char- 
acter and activity of its members. There are many engineers 
eligible to membership who are not members, because they do 
not fully appreciate the scope and the work of the INSTITUTE. 
There are many electrical workers who would become worthy 
associate members if they realized the value of connection with 
the INSTITUTE. 

Is it not the privilege and the duty of an electrical engineer 
to give his best support to the InsTITUTE which stands for the 
highest interests of his profession? Are not the advantages 
which connection with the InstiruTE affords such that no pro- 
gressive engineer can afford to be without them? If these things 
are so, then it rests upon the present members to build up the 
INSTITUTE by making its work known to those who should 
become members. 

During the past year the naeeabarttite increased 25 per cent. 
and reached 1,546. This is less than one-half the membership 
in the British Institution of Electrical Engineers. If AMERICAN 
INSTITUTE membership bore the same relation to the kilowatt 
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capacity of the electrical power-stations of the country as does 
that of the British Institution, our membership should be 
25,000. 

There are to-day cities in which are located engineering 
schools and large electrical interests, which have but three or 
four members. Five States east of the Mississippi River have 
but one or two members each, and there are three of the New 
England States that have but three members each. 

2. Papers and discussions should be contributed from a larger 
proportion of the membership. The transactions of the Insti- 
TUTE should be a record of the advance in electrical work, and 
should contain only that which is of material value to the 
advancement of the art. I submit that even their present high 
standard does not adequately represent American electrical 
progress. If it is true that our papers do not fully present the 
advance thought and best achievements of the time, it is simply 
because our advance workers do not contribute more. 

Material may be presented in formal papers, in original com- 
munications or in discussion. Some subjects do not provoke 
general discussion; others depend for their value upon the 
experience or the opinions of a large number of members. While 
the INSTITUTE is not as a body responsible for the statements or 
the opinions of its members, there is nevertheless an obligation 
resting upon its members not to leave unchallenged any inac- 
curate and misleading statements. 

Our last volume shows that 5 per cent. of the membership took 
part in the meetings, and that 2 per cent. furnished papers. Of 
these papers 10 per cent. came from miscellaneous sources, 20 
per cent. came from college professors, 25 per cent. from operat- 
ing and consulting engineers, and 45 per cent. from engineers 
connected with manufacturing companies. 

These figures indicate that electrical matters are advancing so 
fast that even the teachers in the great technical schools fall 
behind the pace, because the problems come first to the manu- 
facturer. To the manufacturing companies must be given 
credit for substantially advancing scientific investigation as well 
as practical development. 

Further examination of the last annual volume shows that 
although one-fourth of the members reside in New York and 
the monthly meetings are held there, yet only one-fifth of the 
papers were presented by New York members. The InsTITUTE 
is national in its scope, and there should be united effort through- 
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out the entire membership to increase the quantity as well as the 
quality and the usefulness of its published proceedings. 

3. Local meetings of the INsTITUTE in’ various cities will 
broaden the interest in its work and generally extend its benefits. 
Some local organizations have been formed, but this department 
of our work should be greatly extended. * While such organi- 
zations should be conducted in harmony with the general 
methods and purposes of the InsTITUTE, synchronizing as far 
as practicable with its general meetings, they should also be- 
come “‘ self-exciting ’’ centers of local electrical activity. There 
is so much material available and there are so many subjects of 
local and general interest that a small amount of well-directed 
effort in organization will produce great results. 

4, Universities and technical schools with electrical engineer- 
ing departments may organize local meetings of the INSTITUTE 
which would be of benefit to both instructors and students in 
keeping them in touch with the most recent developments and 
practice in electrical work. Meetings may be under the direction 
of the professor of electrical engineering and may be conducted 
in various ways to conform best to the local conditions. Local 
INSTITUTE members may join with the school meetings. A school 
should be the natural center for engineers of its vicinity. It 
supplies a suitable meeting place, and the discussion of INSTITUTE 
papers by engineers, instructors and students should be of 
benefit to all. In the thesis work of students the InsTITUTE 
may be helpful also in recognizing and publishing in abstract or 
in full, theses which are noteworthy. This would give an impetus 
to the preparation of theses and wholesome rivalry among differ- 
ent institutions, and would add to the value of our Transactions. 

The proper education of the engineer is a problem to which 
various solutions are offered. All however, will doubtless agree 
that the profession has already reached a stage and is advancing 
so rapidly that the purely ‘‘ practical man"’ cannot hope to 
maintain himself in the front rank. The rate at which develop- 
ment is progressing demands a thorough grounding in funda- 
mental principles, in order to impart the power for grasping and 
meeting new conditions. My predecessor spoke truly when he 
said that the primary aim of the educational institution should 
be to give the young engineer “‘ a thorough understanding of the 
fundamental principles of clectrical engineering and_ allied 
sciences, and a good knowledge of the methods of dealing with 
«mgineering problems.” The best education is that in which 
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theoretical training in fundamental principles predominates. 
The true function of practical workin a broad engineering educa- 
tion is not to produce skilled workmen or full-fledged engineers, 
but it is to supplement theoretical work, making it definite and 
certain, so that the student may properly assimilate the instruc- 
tion which he receives. Again, a student should not make his 

-mind a storehouse of facts, but he should learn where facts and 
information can be obtained, and how to use them. 

The principal purpose for bringing the work of the InstiITuUTE 
directly to the student is to enable him to keep in touch with 
actual things and give him a definite idea of the kinds of work 
which lie before him, and for which he is preparing. Fortunate 
will it be if we can lead him to see that in the development 
of an electrical engineer there should be something besides 
technical training—that logical thinking and clear expression and 
general culture are indispensable in a profession that is closely 
related to so many departments of science and engineering as 
well as industrial and commercial and social activity, and that 
he must be a broad man with a broad educational foundation, 
who would aspire to the fullest usefulness and success. 

5. The collection of engineering data and the establishment of 
standard practice in electrical engineering is one of the important 
functions of the InstiTuTE. - The present years are formative 
years. Electrical engineering is crystallizing. Electrical theory 
and laws and electrical measurements are more definite than 
those relating to the allied professions; for example, com- 
pare the accuracy in the predetermination of the efficiency 
of a dynamo with that of an engine, or the ease and precision of 
measurement of dynamo output by a wattmeter with that of an 
engine by a mechanical dynamometer or brake. Electrical 
engineering practice, however, is now being established. The 
apparatus and the methods, both in detail and in general, which 
characterize present work are radically different from those of 
five or ten years ago. It is of the highest importance to the pro- 
fession that definitions and principles and laws pertaining to 
engineering practice should be determined and adopted as rapidly 
as circumstances will permit. General investigations should be 
made in various lines of electrical engineering work, not primarily 
for the purpose of devising theoretical standards or undertaking 
original investigation, but for the purpose of determining what is 
best in present practice, and of formulating and crystallizing it 
into what may be recognized as standard practice. 
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We must not fail to realize the value of standards. An English 
engineer in a distant part of the British Empire in specifying 
the apparatus for a large electrical railway, strongly recom- 
mended that American standard apparatus be purchased as 
‘‘ England has no standard.” In Europe to-day there is a con- 
fusion of systems and frequencies and voltages, and a wide 
diversity in types of construction. Many foreign engineers 
pride themselves on devising that which is novel, instead of 
adapting that which is standard. American engineers are not 
divided by nationality and by language as are those of Europe; 
they have that unity in which there is strength; they appreciate 
the advantage of adhering to standard practice; they realize that 
the manufacture of dynamos and motors, as well as of shoes and 
clocks, of engines and bridges will be cheaper and quicker if made 
in quantity. 

Do you realize the relative magnitude of American electrical 
work? The United States with only one-fifth the population of 
Great Britain and Europe has two and one-third times the 
kilowatt capacity in power-stations, and three and one-half 
times the mileage of electric railways. The power-houses 
in operation and under contract in New York City would 
replace all the central stations for lighting and power in Great 
Britain or in Germany; they would operate all the electric rail- 
ways of Great Britain and Europe combined; one alone would 
be sufficient for the railways of Germany and the output of a 
single generator would run all the railways of Switzerland.* 
Although some foreign engineers are still in doubt as to the 
practicability of the rotary converter, yet the output of Ameri- 
can rotary converters is sufficient to operate all the railways 
‘in Great Britain and Europe combined. American designs, 
methods and practice are being introduced into half-a-dozen fac- 
tories in foreign countries. Electrical progress and leadership 
can be promoted by this Institute, as it draws together and 
unites the efforts of electrical workers and as it aids in establish- 
ing the standards for the future. Standards are not to prevent 
progress, but they are to make definite the steps already taken 
and they are the foundation for advancement. 


* See “‘ Some Comparative Approximate Figures of Electric Light, 
Power and Traction Systems in European Countries and in the United 
States of America at the Present Day,” Philip Dawson, Engineering 
Magazine, February, 1902, page 712. 
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6. Our library merits a cordial support. The pclicy decided 
upon by the Library Committee is to place upon our shelves 
every book relating to electricity in the English language, and 
every book of any value in the French, German and other lan- 
guages. Let all who are able, codperate in this important work 
of building up a complete reference library. 

Through good fortune and the generous assistance of Dr. S. S. 
Wheeler we have the Latimer Clark library asafoundation. Mr. 
Carnegie’s kindly contribution has enabled the library to be 
catalogued and otherwise made useful. Various members, nota- 
oly Messrs. Mailloux, Hutchinson, Wetzler, Arnold, Keith, Cald- 
well, Jenks, Fish and Clarke, as well as the American Bell 
Telephone Co., The New York Electrical Society, and others, 
have contributed valuable sets of books, such as the proceed- 
ings of scientific societies, the records in patent litigation and 
the like. At least one member has provided by his will that a 
part of his technical library shall pass to the InsTITUTE and 
another is proposing an endowment for the future continuation 
of the sets which he has presented. 

The preceding sentence was written yesterday. Iam au- 
thorized by the Board of Directors to state the contents of a 
letter received to-day from Mr. W. D. Weaver, the Chairman of 
the Library Committee—to whose efficient services the develop- 
ment of the Library is due. This letter reports the receipt of 
a check from Mr. Mailloux to be used as an endowment for 
continuing subscriptions to several of the valuable sets which 
he has presented to the Library. Among the books, a thousand 
or more, which he has presented, are some rare series, some of 
which have been secured at considerable cost, others by rare 
good fortune. Our Library is already assuming a high rank 
among electrical libraries, and even among general technical 
libraries. 

7. Permanent quarters for the INsTITUTE should be an object 
of plans and anticipations. An organization which is so closely 
connected with so many vital interests of such vast commercial 
value and which possesses such possibilities for promoting the 
best interests of the profession should not be hampered for want 
of the most convenient accomodations. Personal acquaintance 
and social intercourse are influential factors in unity of sentiment 
and of action. Our library is all but inaccessible in its present 
cramped quarters which do not permit normal growth. 

8. Codperation with similar institutions in other countries will 
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be mutually beneficial in various ways. In certain lines they may 
learn from us, but there isa great deal that we can learn from them. 

In addition to general codperation such as.is promoted by 
international congresses, much is to be gained in less formal ways. 
For example, different institutions may at times discuss the same 
subject. Again, they may do a great service to electrical progress 
by harmonious working in the adoption of standards. The 
members of one institution may broaden their outlook by becom- 
ing members of other bodies. It is the hope and expectation 
of our INSTITUTE to have as its guest, within the next few years, 
the Institution of Electrical Engineers of Great Britain. The 
scope of our profession is world-wide. Let us welcome this com- 
ing opportunity to extend our acquaintance and broaden our ideas. 

In conclusion, I have realized the responsibilities which rest 
upon the President of this INsTITUTE, and it was with reluctance 
and misgiving that I vielded to some urgent friends and con- 
sented to become a candidate. I fully appreciate the confidence 
you have expressed by your votes and I now ask your coépera- 
tion in continuing the high standard of work attained during the 
past year under my honored predecessor, whose able and enthu- 
siastic efforts have awakened the INSTITUTE to new activity 
and usefulness. . 

The outlook is propitious. The Board of Directors at 
its meeting this afternoon authorized the appointment of a 
Committee on Membership, also a Committee on Local Organ- 
ization with authority to make immediate arrangements for the 
holding of local meetings. This Committee also has under its 
direction the proposed INSTITUTE meetings in connection with 
technical schools. A Committee on Theses was provided for 
to consider the relations of the INsTITUTE to this branch of 
student work. A Transmission Committee was provided for to 
collect data with respect to present practice in high tension 
transmission, particularly with reference to the construction of 
transmission lines and to formulate this data for the use of 
electrical engineers. It was recognized. that this branch of 
engineering is advancing rapidly and that it merits. special 
attention from the INsTITUTE in order that the best elements of 
present practice may be set forth. The standing Committees of 
the INsTITUTE are taking up their work with renewed vigor. 

if, my fellow-members, the objects of InsTITUTE endeavor 
which I have outlined are worth while, each of us can well afford 
to do his part towards realizing them. 


fA paper presented at the 168th Meeting of the 
Amertcan Institute of Electrical Engineers 
New York, September 26th, rgo2, 
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WASHINGTON, BALTIMORE AND ANNAPOLIS 
SINGLE-PHASE RAILWAY. 


BY B. G. LAMME. 


The Washington, Baltimore and Annapolis Railway is a new 
high-speed electric line extending from the suburbs of Washing- 
ton to Baltimore, a distance of about 31 miles, with a branch 
from Annapolis Junction to Annapolis, a distance of about 15 
miles. The overhead trolley will be used, and schedule speeds 
of over 40 miles per hour are to be attained. This road is to be 
the scene of the first commercial operation of an entirely new 
system of electric traction. 

The special feature of this system is the use of single-phase 
alternating current in generators, transmission lines, trolley, car 
equipment and motors. It constitutes a wide departure from 
present types of railway apparatus, and while retaining the best 
characteristics of the present standard pb. c. motor system, the 
use of alternating current makes it possible to avoid many of the 
bad features. 

The standard pb. c. railway equipment possesses several 
characteristics which fit it especially for railway service. 
These characteristics have been of sufficient importance to over- 
balance many defects in the system. In fact, a far greater 
amount of effort and engineering skill has been required for over- 
coming or neutralizing the defects, than for developing the good 
features possessed by the system. By far the most important 
characteristic possessed by the p. c. system is found in the type 
of motor used on the car. The D. c. railway motor is in all cases 
a series-wound machine. The series motor is normally a variable 
field machine and it is this feature which has adapted the motor 
especially to railway service. Shunt-wound motors have been 
tried and abandoned. . All manner of combinations of shunt, 
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series and separate excitation have been devised and found want- 
ing, and in many cases the real cause of failure was not recognized 
by those responsible for the various combinations. They all 
missed to a greater or less extent the variable-field feature of 
the straight series motor. It is true that a variable field can be 
obtained with shunt or separate excitation, but not without con- 
trolling or regulating devices, and the variation is not inherently 
automatic, as in the series motor. Polyphase and single-phase 
induction motors do not possess the variable field feature at all, 
as they are essentially constant-field machines. They are 
equivalent to direct current shunt or separately excited motors, 
with constant field strength, which have been unable to compete 
successfully with the series motor. The variable field of the 
series motor makes it automatically adjustable for load and 
speed conditions. It also enables the series motor to develop 
large torques without proportionately increased currents. The 
automatically varying field is accompanied by corresponding 
variations in the counter e.m.f. of the armature, until the speed 
can adjust itself to the new field conditions. This feature is of 
great assistance in reducing current fluctuations, with a small 
number of steps in the regulating rheostat. Any increase in 
current, as resistance is cut out, is accompanied by a momentary 
increase in the counter e.m.f., thus limiting the current increase 
to a less value than in the case of a constant field motor. 

Next to the type of motor, the greatest advantage possessed by 
the p. c. system lies in the use of a single current or circuit, thus 
permitting the use of one trolley wire. The advantages of the 
singie trolley are so well-known that it is unnecessary to discuss 
them. For third rail construction, the use of single current is of 
even greater importance than in the case of the overhead trolley. 
It is seen, therefore, that it is not to the direct current that 
credit should be given for the great success of the present railway 
system, but to the series type of motor and the fact that up to 
the present time no suitable single-phase a. c. motor has been 
presented. 

Some of the undesirable features of the p. c. railway system 
should also be considered. The speed control is inefficient. A 
nominally constant voltage is supplied to the car, and speed con- 
trol is obtained by applying variable voltage to the motor ter- 
minals. This variation is produced by the use of resistance in 
series with the motors, with a loss proportional to the voltage 
taken up by the resistance. By means of the series-parallel 
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arrangement, the equivalent of two voltages is obtainable at the 
motor terminals without the use of resistance. Therefore, with 
series-parallel control, there are two efficient speeds with any 
given torque, and with multiple control there is but one efficient 
speed with a given torque. All other speeds are obtained 
through rheostatic loss, and the greater the reduction from 
either of the two speeds, series or parallel, the lower will be the 
efficiency of the equipment. At start, the rheostatic losses are 
always relatively large, as practically all the voltage of the line 
is taken up in the rheostat. For heavy railroad service, where 
operation for long periods at other than full and half speeds may 
be necessary, the rheostatic loss will be a very serious matter. 

The controlling devices themselves are also a source of trouble. 
An extraordinary amount, of time and skill has been expended 
in the perfecting of this apparatus. The difficulties increase 
with the power to be handled. The controller is a part of the 
equipment which is subjected to much more than ordinary 
mechanical wear and tear, and it can go wrong at any one of 
many points. The larger the equipment to be controlled, the 
more places are to be found in the controller which can give 
trouble. The best that can be said of the railway controller is 
that it is a necessary evil. 

Another limitation of the p. c. system is the trolley voltage. 
Five hundred volts is common at the car and 650 volts is very 
unusual. By far the larger number of the railway equipments 
in service to-day are unsuited for operation at 600 volts, and 700 
volts in normal operation would be unsafe for practically all. 
The maximum permissible trolley voltage is dependent upon 
inherent limitations in the design of motors and controllers. 
The disadvantages of low voltage appear in the extra cost of cop- 
per and in the difficulty of collecting current. In heavy railroad 
work the current to be handled becomes enormous at usual 
voltages. A 2400 u.P. electric locomotive, for example, will 
require between 3000 and 4000 amperes at normal rated power 
and probably 6000 to 8000 amperes at times. With the 
overhead trolley these currents are too heavy to be collected in 
the ordinary manner, and it is a serious problem with any form 
of trolley or third rail system which can be used. It is evident 
that for heavy service, comparable with that of large steam rail- 
ways, a much higher voltage than used in our present D. c. sys- 

tem is essential, and the use of higher voltage is destined to come, 
provided it is not attended by complications which more than 
overbalance the benefits obtained. 
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A further disadvantage of the p. c. system is the destructive 
action known as electrolysis. This may not be of great im- 
portance in interurban lines, chiefly because there is nothing to 
be injured by it. In city work its dangers are well-known, 
and very expensive constructions are now used to eliminate or 
minimize its effects. 

From the above statements it is evident that an A. c. railway 
system, to equal the pv. c., should possess the two principal 
features of the p. c. system, viz: A single supply circuit and the 
variable field motor, and to be an improvement upon the D. c. 
system, the a. c. should avoid some of the more important dis- 
advantages incident to the present D. c. railway apparatus. 

The system must, therefore, be single-phase. The importance 
of using single-phase for railway work is well known. The diffi- 
culties and complications of the trolley construction are such 
that several .a. c. systems have been planned on the basis of 
single-phase supplied to the car, with converting apparatus on 
the car to transform to direct current, in order that the standard 
type of railway motors may be used. Such plans are attempts 
to obtain the two most valuable features of the present D. c. 
system. The polyphase railway system, used on a few European | 
roads, employs three currents, and therefore does not meet the 
above requirement. 

The motor for the a. c. railway service should have the 
variable speed characteristics of the series pb. c. motor. 
The polyphase motor is not suitable, as it is essentially 
a constant field machine, and does not possess any true varicble 
speed characteristics. Therefore it lacks both of the good fea- 

-tures of the p. c. railway system, A new type of motor must, 
therefore, be furnished, as none of the alternating current motors 
in commercial use is adapted for the speed and torque require- 
ments of first-class railway service. Assuming that such a 
motor is obtainable for operation on a single-phase circuit, the 
next step to consider is whether the use of alternating instead 
of direct current on the car, will allow some of the disadvan- 
tageous features of the A. D. system to be avoided. 

The p. c. limits of voltage are at once removed, as transformers 
can be used for changing from any desired trolley voltage to any 
convenient motor voltage. Electrolytic troubles practically disap- 
pear. As transformers can be used, variations in supply voltage 
are easily obtainable. As the motor is assumed to have the 
characteristics of the direct-current series motor, speed control 
without rheostatic loss is practicable when voltage control is 
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obtained. This combination, therefore, allows the motor to 
operate at relatively good efficiency at any speed within the 
tange of voltage obtained. If the voltage be varied over 
a sufficiently wide range, the \speed range may be car- 
ried from the maximum desired down to zero, and there- 
fore, down to starting conditions. With such an arrange- 
ment no rheostat need be used under any conditions, and the 
lower the speed at which the motor is operated, the less the power 
required from the line. The least power is required at start, as 
the motor is doing no work anc there is no rheostatic loss. The 
losses at start are only these in the motor and transforming 
apparatus, the total being less than when running at full speed 
with an equal torque. Such a system, therefore, permits maxi- 
mum economy in power consumed by motor and control. This 
economy in control is not possible with the polyphase railway 
motor, as this motor is the equivalent of the p. c. shunt motor, 
with which the rheostatic loss is even greater than with the 
series motor, 

The use of alternating current on the car allows voltage control 
to be obtained in several ways. In one method a transformer 
is arranged with a large number of leads carried to a dial or con- 
troller drum. The Stillwell regulator is a well-known example 
of this type of voltage control. This method of regulation is 
suitable for small equipments with moderate currents to be 
handled. The controller will be subject to some sparking, a3 in 
the case of D. c. apparatus, and therefore becomes less satisfactory 
as the car equipment is increased in capacity. Another method 
of control available with alternating current is entirely non- 
sparking, there being no make-and-break contacts. This con- 
troller is the so-called ‘‘ induction regulator,’ which is a trans- 
former with the primary and secondary windings on separate 
cores. The voltage in the secondary Winding is varied by shift- 
ing its angular position in relation to the primary. With this 
type of voltage controller, very large currents can be handled, 
and it is especially suitable for heavy equipments, such as loco- 
motives. It is thus seen that there is one method of control, 
available with alternating current, which avoids the inherent 
troubles of the p. c. controller. The induction regulator is 
primarily a transformer, and all wear and tear is confined to the 
supports which carry the rotor. Therefore the objectionable 
controller of the standard pb. c. system can be eliminated, pro- 
vided a suitable a. c. motor can be obtained. This ideal type 
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of controller is not applicable to the polyphase railway motor, in 
which speed control can be obtained only through rheostatic 
loss. The polyphase control system is even more complicated 
than the p. c., as there must be a rheostat for cach motor, and 
two or three circuits in each rheostat. It is thus apparent that 
by the use of single-phase alternating current with an A. C. 
motor having the characteristics of the D. c. series motor, the 
best features of the p. c. system can be obtained, and at the 
same time many of its disadvantages can be avoided. 

This portion of the problem therefore resolves itself into the 
construction of a single-phase motor having the characteristics 
of the p. c. series motor. There are several types of single phase 
A. Cc. motors which have the series characteristics. One 
type is similar in general construction to a D. c. motor, but with 
its magnetic circuit laminated throughout, and with such pro- 
portions that it can successfully commutate alternating current. 
Such a motor is a plain series motor, and can be operated on 
either alternating or direct current and will have the same torque 
characteristics in either case. Another type of motor is similar 
in general construction to the above, but the circuits are ar- 
ranged in a different manner. The field is connected directly 
across the supply circuit, with proper control appliances in series 
with it. The armature is short-circuited on itself across the 
brushes, and the brushes are set at an angle of approximately 
45° from the ordinary neutral point. The first of these two types 
of motors is the one best adapted for operation in large units. 

This is the type of motor which is to be used on the Washington 
Baltimore and Annapolis Railway. Several motors have been 
built and tested with very satisfactory results, both on the test- 
ing stand and under a car. The results were so favorable that 
the system was proposed to the Cleveland Construction Company, 
representing the Washington, Baltimore and Annapolis Railway, 
and after investigation by their engineers, it was adopted. 
A description of the apparatus to be used on this road will 
illustrate the system to good advantage. 

Single-phase alternating current will be suppled to the car at 
a frequency of 163 cycles per second, or 2,000 alternations per 
minute. The current from the overhead trolley wire is normally 
fed in by one trolley at approximately 1,000 volts. Within 
the limits of the District of Columbia two trolleys are employed, 
as by Act of Congress the use of rails as conductors is prohibited 
in this District, presumably on account of electrolysis. In this 
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case the trouble, of course, will not exist, but he contracting 
company has been unable to obtain permission for the grounded 
circuit. 

The alternating current to the car is carried through a main 
switch or circuit breaker on the car, to an auto-transformer 
connected between the trolley and the return circuit. At 
approximately 300 volts from the ground terminal a lead is 
brought out from the auto-transformer and passes through the 
regulator to one terminal of the motors. For starting and con- 
trolling the speed, an induction regulator is used with its second- 
ary winding in series with the motors. This secondary circuit 
of the regulator can be made either to add to, or substract from 
the transformer voltage, thus raising or lowering the voltage 
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supplied to the motors. The regulator therefore does double 
duty. The controller for p. c. motors merely lowers the voltage 
supplied to the motors but cannot raise it, but an a. c. regulator 
can be connected for an intermediate voltage, and can either 
- raise or lower the motor voltage. In this way the regulator can 
be made relatively small, as it handles only the variable element 
of the voltage and the maximum voltage in the secondary wind- 
ing is but half of the total variation required. 

In the equipments in question, the range of voltage at the 
motor is to be varied from approximately 200 volts up to 400 
volts or slightly higher. The transformer on the car will supply 
315 volts, and the secondary circuit of the regulator will be 
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wound to generate slightly more than 100 volts when turned to 
the position of its maximum voltage. This voltage of the regu- 
jator is about one-fourth of that of the motors at full voltage. 
The regulator can consequently be made relatively small, in 
comparison with the motor capacity of the equipment. It has 
been found unnecessary to use much lower than 200 volts in this 
installation, as this allows a comparatively low running 
speed,’ and approximately 200 volts will be necessary to start 
with the required torque. The greater part of this voltage is’ 
necessary to overcome the e.m.f. of self-induction in the motor 
windings, which is dependent upon the current through the 
motor and is independent of the speed of the armature. 

There will be four motors of 100 H.P. on each car. The full 
rated voltage of each motor is approximately 220 volts. The 
motors are arranged in two pairs, each consisting of two arma- 
tures in series, and two fields in series, and the two pairs are 
connected in parallel. The motors are connected permanently 
in this manner. Since voltage controlis used, there is no necessity © 
for series parallel operation, as with p. c. motors. To ensure 
equal voltage to the armatures in series, a balancing or equalizing 
action is obtained by the use of a small auto-transformer con- 
nected permanently across the two armatures in series with its 
middle point connected between them. The fields are arranged 
in two pairs, with two fields in series and two pairs in multiple. 
This parallels the fields independently of the armatures, which 
was formerly the practice with p. c. motors. It was a defective 
arrangement with such motors, as equal currents in the field did 
not ensure equal field strengths in the motors, and the armatures 
connected in parallel therefore would be operating in fields of un- 
equal strength, with unequal armature currents as a direct result. 
With alternating currents in the fields, the case is different. 
The voltage across the fields is dependent upon the field strengths, 
and the current supplied to the fields naturally divides itself for 
equal magnetic strengths. The chief advantage in paralleling 
the fields and armatures independently is, that one reversing 
switch may serve for the four motors and one balancing trans- 
former may be used across the two pairs of armatures. The 
ordinary D.c. arrangement of armatures in series with their own 
fields can be used, with a greater number of switches and con- 
nections. 

The general arrangement of the auto-transformer, regulator, 
motors, etc., is shown in Fig. 1. 
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The induction regulator or controller, resembles an induction 
motor in general appearance and construction. The primary 
winding is placed on the rotor, and the secondary or low voltage 
winding on the stator. The rotor also has a second winding’ 
which is permanently short-circuited on itself. The function 
of this short-circuited winding is to neutralize the self-induction 
of the secondary winding as it passes from the magnetic influ- 
ence of the primary. The regulator is wound for two poles, and 
therefore is operated through 180° in producing the full 
range of voltage for the motors. One end of the primary 
winding of the regulator is connected to the trolley, and the 
other to a point between the regulator and the motors. It thus 
receives a variable voltage as the controller is rotated. There 
are several advantages in this arrangement of the ‘primary in 
this particular case. First, the regulator is worked at a higher 
induction at start, and at lower induction when running, the 
running position being used in these equipments for much longer 
periods than required for starting. Second, when the motors 
are operating at full voltage the current in the primary of the 
regulator passes through the motors but not through the auto- 
transformer or the secondary of the regulator. This allows con- 
siderable reduction in the size of auto-transformer and regulator. 

The motors on the car are all of the straight series type. The 
armature and fields being connected in series, the entire current 
of the field passes through the armature as in ordinary series 
p. c. motors. The motor has eight poles, and the speed is 
approximately 700 revolutions at 220 volts. The general con- 
struction is similar to that of a p. c. motor, but the field core is 
aminated throughout, this being necessary on account of the 
alternating magnetic field. There are eight field-coils wound 
with copper strap, and all connected permanently in parailel. 
The parallel arrangement of field-coils assists in equalizing 
‘the field strength in the different poles, due to the balancing 
action of alternating circuits in parallel. This arrangement is 
not really necessary, but it possesses some advantages and 
therefore has been used. With equal magnetic strength in the 
poles, the magnetic pull i is equalized even with the armature out 
of center. 

The armature is similar in general construction to that 
of a D. c. motor. The fundamental difficulty in the opera- 
tion of a commutator type of motor, on single-phase alternating 
current lies in the sparking at the brushes. The working current 
passing through the motor shou!d be practically no more difficult 
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to commutate than an equal direct current, and it is not this cur- 
rent which gives trouble. The real source of trouble is found in 
a local or secondary current set up in any coil, the two ends of 
which are momentarily short-circuited by a brush. This coil 
encloses the alternating magnetic field, and thus becomes a 
secondary circuit of which the field-coil forms the primary. In 
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the motors of the Washington, Baltimore and Annapolis Rail- 
way, this commutation difficulty has been overcome by so con- 
structing the motor that the secondary or short-circuit current in 
the armature coil is small, and the commutating conditions so 
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nearly perfect that the combined working and secondary currents 
can be commutated without sparking. This condition being ob- 
tained, the motor operates like a p. c. machine and will give no 
more trouble at the commutator than ordinary pb. c. railway 
motors., Experience covering a considerable period in the opera- 
tion of motors of 100 h.p. capacity indicates that no trouble need 
be feared at the commutator. 

An extended series of tests were made with these motors at 
at the Westinghouse shops at East Pittsburg, bothin the testing 
room and under acar. Fig. 2 shows curves of the speed, torque, 
efficiency and power factor plotted from data from brake tests. 

It should be noted that the efficiency is good, being very 
nearly equal to that of high-class p. c. motors. The power 
factor, as shown in these curves, is highest at light loads and 
decreases with the load. This is due to the fact that the power 
developed increases approximately in proportion to the current, 
while the wattless component of the input increases practically 
as the square of the current. The curve indicates that the 
average power factor will be very good. The calculation 
for the W. B. and A. Railway show that the average power factor 
of the motors will be approximately 86 per cent. 

The average efficiency of these equipments will be much 
higher during starting and accelerating than that of correspond- 
ing D. C. equipments, as rheostatic losses are avoided. When 
running at normal full speed, however, the efficiency will be 
slightly less than with p.c. This is due to the fact that the a. c. 
motor efficiency is slightly lower than the p. c., and in addition 
there are small losses in the transformer and the regulator. The 
A. C. equipments are somewhat heavier than the pb. c., thus re- 
quiring some extra power, both in accelerating and at full speed. 
Therefore, for infrequent stops the D. c. car equipment is more 
efficient than the a. c., but for frequent stops the a. c. shows the 
better efficiency. Tests on the East Pittsburg track verified 
this conclusion. But the better efficiency of the p. c. equipment 
with infrequent stops is offset with the a. c. by decreased loss in 
the trolley wire, by reason of the higher voltage used, and by the 
elimination of the rotary converter losses. The resultant effi- 
ciency for the system will therefore be equal to or better than 
thatiof the D.. c. 

In the W. B. and A. Railway contract the guarantee given by 
the Westinghouse Electric and Mfg. Co. states that the efficiency 
of the system shall be equal to that of the p. c. system with rotary 
converter substations. 
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There is one joss in the A. c. system which is relatively much 
higher thanin the p.c. This is the lossin the railreturn. ‘Tests 
have shown that at 2,000 alternations it is three to four times 
as great as with an equal direct current. This would be a 
serious matter in cases where the p. c. rail loss is high. © But the 
higher a. c. trolley voltage reduces the cutrent so much, that 
the a. c. rail loss is practically the same as with direct current 
at usual voltages. In many city railways the pb. c. rail loss is 
made very low, not to lessen waste of power, but in order to 
reduce electrolysis. In such casés the a.’c. rail loss could’ be 
higher than p..c., thus decreasing the cost of return conductors. 
More numerous transformer substations, with copper feeders 
connected to the rails at short intervals will enable the rail 
loss to be reduced to any extent desired. | 

As a frequency of 2,000 alternations per minute is used, the 
lighting of the cars and the substations was at first considered to 
be a serious difficulty, due to the very disagreeable winking of or- 
’ dinary incandescent lamps at this frequency. Two methods of 
overcoming the winking were tried, both of which were successful. 
One method was by the use of split phase. A two-phase induction 
motor was run on a single-phase 2,000 alternating circuit, and 
current. was taken from the unconnected primary circuit of the 
motor. This current was, of course, at approximately 90° from 
the current of the supply circuit. A two-phase circuit was thus 
obtained on the car. Currents from the two phases were put 
through ordinary incandescent lamps, placed close together. The 
resulting illumination a few feet distant from the lamps showed 
about the same winking as is noticed with 3,000 alts. With two 
filaments in one lamp the winking disappears entirely. -A three- 
phase arrangement would work in the same way. 

A much simpler method was tried which worked equally well. 
This consisted in the use of very low-voltage lamps. Low volt- 
age at the lamp terminals allows the use of a thick filament with 
considerable heat ‘inertia. Tests were made on lamps of. this 
type at a frequency of 2,000 alts., and the light appeared to be as 
steady as that from the ordinary high+frequency incandescent 
lamp. The low voltage is not objectionable in this case, as a 
numbet of lamps can be run in a series, as in ordinary street 
railway practice, and any voltage desired can readily be obtained, 
as alternating current is used on the car. 

There will be an air compressor, driven by a series a. c. motor, 
on each car, for supplying air to the brakes and for operating 
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the driving mechanism of the controller. The details of this 
mechanism are not sufficiently near to completion to permit a de- 
scription of it. The method used will be one which readily 
allows operation on the multiple-unit system. 

The generating station contains some interesting electrical 
features, but there is no great departure from usual a. Cc. prac- 
tice. There will be three 1,500 K.w. single-phase alternators. 

- These are 24-pole machines operating at 83 revolutions and 
wound for 15,000 volts at the terminals. They are of the 
rotating field type, with laminated magnetic circuits and field- 
coils of strap on edge. The field-coils are ‘held on the poles 
by copper supports, which serve also as dampers to assist in the 
parallel running. The armatures are of the usual slotted type. 
The armature coils are placed in pattially closed slots. There 
are four coils per pole. The proportions of these machines are 
such that good inherent regulation is obtained without saturation 
of the magnetic circuit. The rise in potential with non-inductive 
load thrown off will be approximately 4 per cent. An alterna- 
tive estimate was furnished for the generators proposing 20,000 
volts instead of 15,000. The simplicity of the type of winding 
used, and the low frequency, are both favorable for the use of 
very high voltage on the generator. As 15,000 volts was con- 
sidered amply high for the service, the engineers for the railway 
considered it inadvisable to adopt a higher voltage. 

There are to be two exciters, each of 100 K.w. capacity at 250 
revolutions. The exciters are wound for 125 volts normal. The 
armature of each exciter has, in addition to the commutator, 
two collector rings, so that single-phase alternating current can 
be delivered. It is the intention to use the exciters as alter- 
nators for supplying current to the system for lighting when the 
large generators are shut down at night. 

The main station switchboard comprises three generator 
panels, one load panel, and three feeder panels. High- 
tension oil-break switches are to be provided, operated by 
means of controlling apparatus on the panels. The switches, 
bus-bars and all high-tension apparatus will be in brick 
compartments separate from the board. In each’ generator 
circuit there are two non-automatic oil-break switches in 
series; and on each feeder circuit there are two overload 
time-limit oil-break switches in series. The two oil-break 
switches in series on the same circuit can be closed separately 
and then opened to test the switches without closing the circuit. 
With the switches in the closed position they are both operated 
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at the same time by the controlling apparatus, to ensure opening 
of the circuit, and to put less strain on the switches although 
either one is capable of opening the load. 

. There will be nine transformer substations distributed along the 
railway line. Each station will contain two 250 K.w. oil-cooled 
lowering transformers, supplying approximately 1,000 volts to the 
trolley system. Two transformers are used in each station so that 
in case of accident to one transformer the station will not be 
entirely crippled. 

It is the intention of the railway company to operate a D. Cc. 
road already equipped with the direct-current system. The presens 
D. C. car equipments are to be retained, but the current will be 
supplied from a rotary converter substation fed from the main 
system of the W. B. and A. Railway. As this system is single- 
phase, it is necessary that single-phase rotaries be used in the 
substations. There are to be two 200 K.w. 550-volt rotary con 
verters. These are 4-pole, 500-revolution machines. The 
general construction of these machines is very similar to that ot 
the Westinghouse polyphase rotary converters. The armature 
resembles that of a polyphase rotary except in the number of 
collector rings, and in certain details of the proportions made 
necessary by reason of the use of single-phase. The commutat- 
ing proportions are so perfect that any reactions due to the use 
of single-phase will result in no injurious effect. The field con- 
struction is similar to that of a polyphase rotary. The lamin- 
ated field-poles are provided with dampers of the “ grid” or 
“cage ”’ type, a form used at present in the Westinghouse poly- 
phase rotary converters. The dampers serve to prevent hunt- 
ing, as in the polyphase machines, and also to damp out pulsa- 
tions due to single-phase currents in the armature. The damper 
acts to a certain extent as a second phase. Each rotary con- 
verter is started and brought to synchronous speed by a small 
series A. C. motor on the end of the shaft. The voltage at the 
motor terminals can be adjusted either by loops from the lower- 
ing transformer or by resistance in series with the motor, so that 
true synchronous speed can be given to the rotary converter, 
before throwing it on the A. c. line. 

From the preceding description of this system and the appar- 
atus used on it, some conclusions may be drawn as to the various 
fields where it can be applied to advantage. It is evident that a 
good field for it will be on interurban long-distance lines such as 
the W. B. and A. Railway. On such railways, high trolley 
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voltage and the absence of converter substations are very 
important factors. 

For heavy railroading also, this system possesses many ideal 
features. It allows efficient operation of large equipments at 
practically any speed and any torque, and also avoids the con- 
troller troubles which are ever present with large direct current 
equipments. It also permits the use of high trolley voltage, 
thus reducing the current to be collected. In this class of serv- 
ice the advantages of this a. c. systetn are so great that it is 
possible that heavy railroading will prove to be the special field 
for it. 

For general city work, this system may not find a field for some 
time to come, as the limitations in the present system are not so 
great that there will be any urgent necessity for making a 
change. It is probable that at first it will be applied to new 
railways, or in changing over steam roads rather than in replac- 
ing existing city equipments. One difficulty with which the 
new system will have to contend, is due to the fact that the 
A. C. equipments cannot conveniently operate on existing D.c. city 
lines, as is the present practice where interurban lines run into 
the cities. It will be preferable for it to have its own 
lines throughout, unless very considerable complication is 
permitted. When the a. c. system applied to interurban and 
steam railways finally becomes of predominant import- 
ance, it is probable that the existing p. c. railways will gradually 
be changed to A. c. as a matter of convenience in tying the vari- 
ous lines together. ; 

As was stated above, A. c. equipments cannot conveniently be 
operated on direct current lines. It doesnot follow, however, that 
the motor will not operate on direct current. On thecontrary, the 
motor is a first-class direct current machine, and if supplied with 
suitable control apparatus and proper voltage it will operate 
very well on the p. c. lines. This would require that the motors 
be connected normally in series, as the voltage per motor is low. 
A complete set of p. c. control apparatus would be needed when 
the a. c. equipment is to be run on direct current, and con- 
siderable switching apparatus would be necessary for disconnect- 
ing all the a. c. control system and connecting in the p.c. The 
complication of such a system may be sufficient to prevent its 
use, at least for some time to come. 

In some cities, very strict laws are in force in regard to the 
voltage variations in various parts of the track system. The 
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permissible variations are so small in some cases that an enor- 
mous amount of copper is used for return conductors; and in 
some cases special boosters are used in the return circuits to 
avoid large differences of potential between the various parts 
of the track system. The object in limiting the conditions in 
this manner is to avoid troubles from electrolysis. The A. c. 
system will, of course, remedy this. 

For city work, it is probable that voltages of 500 or 600 would 
be employed instead of 1,000 or higher. The transformers and 
controllers can be designed to be readily changed from full to 
half voltage, so that low voltage can be used on one part of the 
line and high voltage on another. As the car equipments of 
such railways are usually of small capacity, it is probable that 
speed control will be obtained by means of a transformer with a 
large number of leads carried out to a control drum, rather than 
by means of the induction regulator, as the latter device is much 
more expensive in small units. This is chiefly a question of cost, 
and if the advantages of the induction regulator are found to 
over-weigh the objection of high first cost, then it will be used 
even on small equipments. 

In the W. B. and A. Railway, the generators are wound for 
single-phase. In the case of large power-stations with many 
feeders, the generators may be wound for three-phase, with 
single-phase circuits carried out to the transformer substation; 
or three-phase transmission may be used, with the transformers 
connected in such a manner as will give a fairly well-balanced 
three-phase load. 

There are many arrangements and combinations of apparatus 
made possible by the use of alternating current in the car equip- 
ments, which have not been mentioned, as it is impracticable 
to give a full description o/ all that can be done. But enough 
has been presented to outline the apparatus and to indicate the 
possibilities of this new system which is soon to see the test of 
commercial service: 

PITTSBURG, Sept. 19, 1902. 
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PRESIDENT ScottT:—The subject is open for discussion. The 
papers have been in the hands of some of the members for the last 
day or two, and there may be some who are already prepared. 
The Secretary has given me a list of a few members who may be 
called upon. We will extend the courtesy of the floor to Mr. 
Steinmetz, if he will please to accept it. 

Mr. Cuartes P. SteEinMETzZ:—I have read with very great 
interest and listened to Mr. Lamme’s very interesting paper, and 
I believe we can congratulate ourselves that he has agreed to 
make public first before the InsTITUTE a description of this rail- 
way system. 

It is encouraging to me that, in spite of all that has been said in 
past years, American engineering is still in advance. That 
is, while in Europe, motors which we know are not suitable to the 
purpose are being applied to railroad work, our engineers have 
attacked the problem from what I consider the only proper side, 
namely, the development of motors which are adapted to that 
work, in their speed-torque characteristics. Now, during the 
last few years our friends abroad have become very enthusi- 
astic over polyphase induction motor railroading, so much 
so that the American press has been affected. We have 
been told over and over again how unprogressive we are, 
and that we should take cognizance of the work done by 
our European friends. President Scott has to a certain ex- 
tent dissipated this, by showing the relative proportions of 
European and American electrical engineering. I may say, 
however, that those American engineers in whose hands were 
placed the destinies of large engineering manufacturing com- 
panies, went over the field in 1894-95, experimentally and 
theoretically, and they very completely satisfied themselves that 
there is no more in the polyphase induction motor for railway 
work than there is in the continuous current shunt motor; and 
since that time they have over and over again, when the enthusi- 
asm became too high, gone over the same field, and reached the 
same conclusions. I believe we can congratulate ourselves then 
that here is published the record of some work done in the direc- 
tion of developing apparatus, giving the proper characteristics 
for alternating current railway work. I must confess, however, 
that I have been somewhat disappointed in reading this paper, 
by seeing that after all this new motor is nothing but our old 
friend the continuous current series motor adapted to alternating 
currents by laminating the field. Now, I remember this type of 
motor very well because I was asssociated with Mr. Eickemeyer 
in 1891 and 1892, and we spent a very great deal of time in 
building alternating current series motors, investigating their 
behavior, and trying to cure them of their inherent vicious 
defects. The principal defect was the serious inductive 
sparking at the commutator, due to the short-circuited arma- 
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ture coil becoming a short circuited secondary with the field 
of the motor as primary. We did not attain satisfactory 
results, and I hope Mr. Lamme will succeed better than we 
did. 1 believe there is some chance for it, because it was ten 
years ago that we did our work, and in ten years engineer- 
ing here in this country has advanced a great deal, and further- 
more, we at that time worked with somewhat higher frequencies 
than 16 cycles which are feasible now. We found that although 
such a series motor inherently has a very poor power factor, we 
have to run it at very high speed. I am gratified to see that Mr. 
Lamme operates his 16-cycle motor with a speed corresponding 
to the frequency of rotation of something like 47 cycles, nearly 
three times synchronous speed; therefore, we get a good power 
factor. 

I must confess I really expect more from Prof. Elihu Thomson’s 
repulsion motor, in which the main current does not pass through 
the armature, but the armature is short-circuited upon itself 
through the brushes, which are shifted against the lines of polar- 
ization. Now, if you consider the problem of the alternating 
current motor in its derviation from the continuous current 
motor, you will find that by natural steps the continuous shunt 
motor, by adaptation to alternating currents, leads to the poly- 
phase induction motor, and by gradual steps you are led from 
the continuous series motor to the alternating repulsion motor, 
which gives a speed-torque characteristic, very closely resem- 
bling that of the continuous series motor. You know the 
speed-torque characteristic of the polyphase induction motor is 
this, a fairly low torque in starting, gradually increasing with 
speed to maximum, then decreasing to zero at a definitive 
speed, the speed of synchronism. You may improve the start- 
ing torque by shifting the point of maximum torque, by insert- 
ing resistance in the armature and wasting the power cor- 
responding to the difference in speed of the motor without 
resistance, and with resistance. Now the continuous current 
series motor gives a speed-torque curve something like that, 
starting with a definite torque also at zero speed, and decreas- 
ing gradually, first fast and then slower, with increase of speed, 
never reaching zero, but continuously decreasing theoretically. 
Probably it reaches zero when this torque reaches the friction 
torque. Now this is not practical in railroading, because such 
starting torque is beyond the torque which will slip the wheels. 
If we take the alternating current repulsion motor, we find the 
torque turning over and reaching a finite point, that is, when 
you come to lower speeds, the reactance of the motor begins to 
be noticeable, and limits the current and torque. In general 
you see a torque characteristic similar to that of the series 
motor, with rheostatic control in starting, represented by Prof. 
Thomson’s repulsion motor without any rheostat. Now it was 
this alternating current single-phase repulsion motor, which I 
was thinking of when in some previous discussions on alternat- 
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ing current railroading, I mentioned the inferiority of the induc- 
tion motor, and stated that alternating current railroading will 
become feasible only when the single-phase motor is developed, 
giving characteristics of the series-motor, that is, starting with 
maximum torque and giving a torque decreasing with the in- 
crease of speed. 
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Mr. Ratpu D. Mersuon :—This paper is certainly an extremely 
interesting one. The development of an alternating current sys- 
tem of traction has long been a “‘ consummation devoutly to be 
wished,” and apparently the consummation is with us. I am 
sure that we will all watch the performance of this road with a 
great deal of interest, because in this case, as in most other cases, 
the proof of the pudding will be in the eating. Although in this 
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case we have apparently reached the development desired, by 
means of a single-phase series motor, I have not by any means 
lost hope for the induction motor. Not the induction motor 
which has been used up to date, because, as has been stated this 
evening and many times before, the characteristics of the induc- 
tion motor as we know it to-day are those of the shunt motor, 
and it has the inherent defects accompanying rheostatic control; 
but an induction motor of somewhat different characteristics. 
I feel rather confident, almost confident enough to predict, that the 
time will come when the induction motor for variable speed work 
will be a motor which will, just as truly as the motor which has 
been described—and perhaps more efficiently—develop power at 
speeds below the maximum speed, in proportion to the power 
taken from the supply circuit. In other words, that we will be 
able to graduate the speed of the motor, not by means of a rheo- 
stat and thereby lose power in proportion to the difference be- 
tween the full speed of the motor and the speed at which you are 
operating, but by means enabling us to take from the alternating 
current circuit, power which will be in amount closely propor- 
tioned to that which the motor develops. 

I should like very much to have the author, if he will, speak a 
little more of the elements of design involved in accomplishing 
some of the results which have been attained. I should like to 
know the means taken to reduce the secondary sparking spoken 
of, and I should like also to hear from him in regard to the 
methods of design by which the high power factors were obtained. 
I am inclined to think that this was due not only to the facts 
mentioned by Mr. Steinmetz, that is, the high speed relative to 
the frequency speed of the motor, but also to the number of poles 
which is greater than that used in direct current practice, and I 
should like to ask also if the power factor results might not be 
considerably bettered by increasing the number of poles. 

PRESIDENT Scott:—If Mr. Lamme will kindly make note of 
these points we will give him an opportunity at the end of the 
discussion to reply, We have with us this evening from the 
middle West a man whom you have just elected to the Council, 
who is the representative of the electrical interests in the coming 
St. Louis Exposition, and who has in the past year conducted some 
extended tests on an extensive interurban railway in Indiana— 
Prof. Goldsborough. 

Pror. W. E. GoLpsporouGu :—I doubt if there is any engineer 
in America who has been more confident than myself, that some 
day we would run our railways by the alternating current. I was 
once so bold, a number of years ago, as to say at one of the con- 
ventions of the National Electric Light Association, when the 
Wagner single-phase motor was having rather a hard time, that I 
had a great deal of confidence in the single-phase problem sur- 
viving, and I still feel that in the end we will develop a motor 
which will be applicable to the railway, and which will be the 
single-phase alternating current motor, without the defects of 
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the direct current railway motor. Just what that solution will 
be, I am not prepared ta say, because I don’t know, but I think 
the engineers in the great factories of America, who are working 
on this problem, will eventually evolve something that will 
perform the work as I have outlined it. We are now just entering 
upon a new field in electric railway work. For a long time we 
were confronted by numerous systems for the application of 
direct current, and I presume during the next five or six 
years we will be confronted by numerous systems for apply- 
ing the alternating current. In a few years from now, how- 
ever, we will hear of ‘“‘ the standard single-phase alternating 
current railway equipment,” and by that time there will be 
but one system in evidence. What that one system will 
be I do not belie-e any man here to-night knows. When that 
day comes I think we will have entered upon a great railway 
erain America. We will probably see all our trunk lines equipped 
with electricity. I doubt very much if that will take place prior 
to the time that the single-phase system is perfected for electric 
railway service, and I believe when that day comes that we will 
all be a great deal happier than we are now. The American 
people are essentially a traveling people, and how much pleas- 
anter and cleaner and more delightful it will be to ride in elec- 
trically propelled trunk line trains than to be covered up with soot 
and cinders from our present locomotives. 

I do not know that I ought to say anything that is derogatory 
to the steam railway problem, while under the roof of the 
American Society of Mechanical Engineers, yet I am certain that 
in this coming work, which we all foresee, the mechanical engin- 
-eers will join with us in wishing it God speed, because nothing that 
will promote engineering from the electrical standpoint will do 
anything but promote engineering from the mechanical stand- 
point. The day is coming when the engineer will not be either 
electrical or mechanical; no man will be an engineer who has not 
a complete grasp of both sides of the profession. 

It is a great pleasure for me this evening to have contributed 
to the discussion of the paper, and I think we all owe a vote of 
thanks to Mr. Lamme and Mr. Arnold and other of our engnieers 
who have been courageous enough to start out in this new field 
and do something. 

PRESIDENT Scott:—Mr. Lamme has presented his paper and 
received the thanks of Prof. Goldsborough. Prof. Goldsborough 
has extended his thanks to Mr. Arnold, also, before Mr. Arnold 
has told us what he has developed. Mr. Arnold, by the way, isa 
new member of the Council, and is on the Committee on Papers 
for next year. He promises to dosome active work in the Chicago 
local organization 

Mr. Bion J. ARNoLD:—I have some photographs and drawings 
here in an envelope, but I do not think I will show them to-night. 
I came prepared to disclose additional information regard- 
ing my single-phase alternating current system provided Mr. 
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Lamme should show photographs or anything which would 
enable one to gather a comprehensive idea of his system, but he 
did not show us enough, and until he tells us more I think I will 
say nothing more about my system, as some months ago I 
announced the principles upon which it is built. 

I do not mean by this action any disrespect to the INSTITUTE, 
but I would like to defer what I may say in regard to my work 
until a suitable time, so that I may say it in a proper way, or at 
any rate until I can get it so shaped that I can give full and 
complete information. 

I did not see Mr. Lamme’s paper until a short time before 
entering this meeting, but thinking possibly he would give more 
complete data or show photographs of accomplished work, I 
came prepared to show what I have done. I am very much 
interested in the development of his system, and wish to express 
my appreciation of his work, as I am glad to see him come out 
and stand for the single-phase alternating current motor for 
railway work. Still more pleased am I to see him, representing, 
as he does, a large manufacturing company in this country, come 
out and’stand for it, for but one year ago it was not only difficult 
to get representatives of his company to do it, but they took a 
very decided stand against it and in favor of the direct current 
motor. 

I think that my sentiments on this question are pretty well- 
known and can easily be ascertained by reading the records of 
the InstiTuTE for the last three years. I advocated the alter- 
nating current motor at the joint meeting of the AMERICAN 
INSTITUTE OF ELECTRICAL ENGINEERS and the British Institu- 
tion of Electrical Engineers at Paris in 1900; again, and against 
considerable opposition, at the annual convention of this InsTI- 
TUTE at Buffalo in 1901, and again last June at the Great Bar- 
rington convention, when, as is known, I announced the princi- 
ples of the system that I have developed, and of which in 
the course of sixty or ninety days, I hope to present full details 
‘to this INsTITUTE, together with drawings and photographs of 

‘the full working system, and it is because I do not wish to spoil 
that paper that I hesitate about showing what I have here to 
night. 

Now, there is one point in Mr. Lamme’s paper which I am quite 
sure he will correct, if he thinks I am right. Rather, I would 
say that I do not know whether he personally intends to make 
the point or not, although the statement is definitely made in the . 
preliminary articles, relating to this road, which recently appeared 
in the technical papers. That is, the conclusion to be gathered 

from his paper that this road between Washington and Balti- 
more is the first single-phase railway in this country. 

In a modest and mild though emphatic way, I must resent 
that statement, because in December, 1899, or early in 1900, 
I took a contract to build complete 60 miles of railroad and use 
single-phase motors upon it. That road has been located, 
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graded, bridged, and equipped under my direction, under my 
own engineers and construction force, and 20 miles of it is now 
being operated with steam locomotives. 

The trucks, cars and some of the motors are nearly ready to 
run, as can be shown by the photographs which I have with me 
and I believe that this road, when it runs, is entitled to be known 
as the first road equipped with single-phase motors. 

Now, with this correction in Mr. Lamme’s paper I have no 
further criticism to make, for I concur with him in his belief in 
the advantages of the alternating current road as described in 
the paper, many of which I have, from time to time, pointed out, 
as evidenced by the records. 

I think that the essence of his paper is summed up in one para- 
graph, in which he says that he has succeeded in making an 
alternating current, single-phase motor operate in starting under 
load by means of acommutator, without sparking. If Mr. Lamme 
accomplished this successfully, he is entitled to great credit, and 
I have no doubt that he has largely accomplished it since he says 
so, on his experimental motor, but he has not done it yet on the 
scale he hopes when he gets his railway running, and if he does 
it efficiently on a large scale with motors of the size he speaks of 
operating under the varying conditions of railway work, he will 
deserve all the credit we can give him. 

I do not know that I have another word to say on the subject, 
and I will, therefore, ask you to excuse me from giving any fur- 
ther information regarding my own system until I can present it 
in the proper way, and be in position to answer all questions 
fully and frankly. 

Dr. W. S. FRANKLIN :—There is one idea that has impressed 
me very much in listening to the paper, and that is the fact that 
we are going back to such old-style and well-known apparatus. 
It is a curious fact, 1 think, that early alternating current work 
began with such high frequencies. I think the reason of that, 
no doubt, is that the earlier electrical engineers worked with toy 
apparatus, which was necessarily driven at enormously high 
speed.to get any output, and along with that went, of course, the 
necessity of high frequency. There has been a remarkable 
drop in frequencies in the last ten years, and the question in my 
mind is whether we may not see still greater drop in the future. 
The tendency to low frequency, of course, has been to get rid of 
inductance troubles, and at the same time to permit of the use of 
enormously large units. 

PRESIDENT Scott :—We have with us this evening a gentleman 
who has been in other parts of the country, and in other coun- 
tries, for a number of years. He was at one time an engineer on 
the Pacific coast. For the last few years he has been an engineer 
in charge of important transmission work in Mexico. Although 
he is not now connected with the INsTiruTE, he assures me that - 
he soon will be—Mr. Norman Rowe. 

Mr. Norman Rowe:—You certainly surprise me, Mr. Scott, in 
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calling upon me this evening, as I had no idea of taking part in 
the discussion. I think those men, however, who have been 
with the Westinghouse Company, who know Mr. Lamme and his 
work, appreciate the fact that when Mr. Lamme says that he has 
got a motor which will develop 100 horse power, a single-phase 
motor that will run without sparking, and is good in all other 
respects, that he has there the elements of a system which 
will undoubtedly revolutionize street railway work, and will 
open a vast field in the future for trunk and interurban work. 
I do not care to say anything more than this. Others of you 
may think that possibly it is an experiment. But I know 
it is more than experiment; I know it is a reality. 

PRESIDENT ScoTtT:—It just occurs to me, gentlemen, that 
although this is a New York meeting of the INsTiTuTE, so far 
there has not been a New York member who has had the floor. 
We want to come around tc New York, and we will call on our 
good old friend, Mr. Mailloux. 

Mr. C. O. MatLttoux :—I was wondering after Mr. Arnold spoke 
whether I would have an opportunity to say something, because 
on all occasions when the case of alternating versus direct current 
for railroad work has been discussed, it has happened that 
somehow or other, Mr. Arnold and I, good friends as we are, 
have differed somewhat. We still differ. There has been 
something said about the manner in which Amercians have been 
criticized for their apathy towards the alternating current system 
and I think that I may personally accept the responsibility for a 
great deal of that apathy. If you look over the TRANSACTIONS 
—Mr. Arnold having called attention to the TRANSACTIONS in 
regard to what he said, I cannot help following suit—you 
will find that I\ have been one of the skeptical engineers, 
who have been slow to believe in the possibilities of the 
alternating current system in railroad work. You will find 
that at a previous meeting, notwithstanding the papers by 
two able European engineers, both members of this INstiTuTE; 
which papers were calculated to show us what wonderful things 
the alternating system was doing in Europe, I still wished to 
remain unconvinced. Now, the reasons which I advanced still 
substantially exist. I said then that the alternating current 
system must undergo a great deal of development before it 
can hope to contend with the direct current. I admit that, 
this evening, we have before us the perspective of some important 
steps in a direction that may give us an opening towards a satis- 
factory solution of the problem of railway operation by means of 
the alternating current. In all discussions thus far but little if 
any attention has been paid to the single-phase, alternating cur- 
rent system. We have always had the polyphase system, with 
the induction motor especially, as the solution suggested, more, 
perhaps, because that is the only method which seems to have 
been thought of and utilized by European engineers in the many 
installations which they have made of alternating current rail- 
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road systems. It is certain that if we do away with one of the 
two leading conductors, that will remove a serious objection 
which hitherto could be urged against the alternating cur- 
rent system. The system proposed to-night is one which 
opens that perspective, and promises that feature. It still 
has to accomplish a great deal; it proposes to do it by pre- 
senting a motor which will have the characteristics and the 
working qualities of a series direct-current motor; in fact, 
it is nothing but a series direct current motor adapted for 
alternating currents. Unfortunately, the paper does not tell 
us very much about the manner in which the author proposes 
to obviate the inherent defects of such a motor. In reading the 
paper carefully, I failed to note that the author introduces any 
radically new feature, and I concluded that so far as the paper 
discloses ideas, one is led to suspect that he depends more upon 
features of design and proportion than upon original ideas, 
either in manipulation or control. Now we do not know, of 
course, what merit there may be in this; only practical experi- 
ence can tell us. Mr. Lamme’s friends, who seem to be here in 
numbers, assure us of his ability to cope with this subject. We 
all know and admit his reputation as a designer, therefore we 
may feel warranted in hoping that he has indeed found a satis- 
factory solution. I cannot at the same time feel quite as 
enthusiastic about it as either Mr. Lamme’s friends, or as 
Mr. Arnold. I do think that it pays to be slightly conserva- 
tive. I have started out to be conservative on this ques- 
tion, and I am going to remain so, so as to be consistent, 
at least. I believe that we have before us a beautiful per- 
spective, but whether it will be a reality is something that 
only time will tell us, and can tell us. I am more inclined 
to take Prof. Goldsborough’s view. I think that he takes 
a practical, sensible view of the entire situation when he 
says that some years will elapse before an alternating current 
railroad system can become as much standardized as the direct 
current railroad system, and that no one here, this evening, 
would be able to tell us what will be the standard alternating 
railroad system. There is a great deal of truth in that “ con- 
servative ’’ statement. I also think the remarks of our Past- 
President, Mr. Steinmetz, are extremely suggestive, as they 
point out other methods which appear to be really more promis- 
ing than those which are outlined in the paper. I can speak 
impartially because I am not interested on either side. I am 
very much in the attitude of one who is looking at a contest 
without caring much which side wins, or whether any side wins. I 
am perfectly willing that both sides should win. I still believe what 
I said the last time we had occasion to discuss this question, when 
I took the conservative view, namely, that there is a great deal 
of good work that is being done to-day, and that will be done for 
some time with direct current apparatus, for the simpie reason 
that ‘“‘it is better to be sure than to be sorry.’”’ It is better to 
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stick to the evils that we know of, than to fly to others that we 
know not of, and while I have a great deal more faith in the 
alternating current system than I had before I heard Mr. Lamme’s 
paper, yet I am still conservative. I think it would be very 
interesting indeed to get the results, and I am inclined to wait 
for them before I become unduly enthusiastic. I hope that Mr. 
Lamme, or his colleagues, may be induced to give us some actual 
results as a sort of supplement to this paper; a year, it may be, 
after the road has been completed. In the meantime I would 
not advise those who have electric railroads to build where the 
conditions are first rate for direct current motors—such condi- 
tions as I have outlined in my previous discussion—namely, 
where you have high speed: work and many stops, to wait for new 
systems, but to yse direct current motors. It may be that these 
can also be improved. It may be that stimulated by the forth- 
coming competition of the alternating current motor, our good 
friends who have been directing their time to the direct current 
motor may also find some way of making them do a little better 
than they are doing now. 

PRESIDENT ScoTT:—Are there any others who desire to take 
part in the discussion? 

Mr. JosEPH Sacus :—Assuming that both sides will win, which 
is probably a reasonable assumption, the matter of detail is a 
question that will arouse a little attention, if not from the 
strictly scientific end, at least from the man who runs the road. 
I have been very much interested recently in the matter of satis- 
factory suspension apparatus for high potential railway wires, 
and am very anxious to hear from Mr. Lamme what method he 
has adopted for suspending the 1,000-volt wire for the railway 
system that he speaks of. Whether he has stuck to the old meth: 
ods of insulation, or whether he has adopted something else. 

Mr. Witiiam C. GotsHaLtt:—When Mr. Arnold began to 
_ speak, I became very much interested. I was really afraid that 
he was going to give away some salient point of some new 
system. When Mr. Mailloux spoke, I became even more inter- 
ested, and, if anything, more alarmed, for I feared Mr. Mailloux 
was going to give away something relating to a system which is 
being developed in connection with an electrically operated high- 
speed railroad, which I have something to do with. Mr. Maill- 
oux is eminently qualified to speak of the alternating current 
system referred to in Mr. Lamme’s paper, or, in fact, upon any 
alternating current system. Mr. Mailloux and I spent about a 
year trying to find out whether the alternating current could be 
used on a certain railroad. The results of our conclusions were 
that we would have to use direct current. 

On arriving here this evening, I discoveréd a gentleman from 
the Middle West with whom it was my good fortune to be asso- 
ciated about nine or ten years ago in St. Louis. We were both 
interested in developing the business of a large alternating current 
station, and in connection therewith spent considerable time in 


1902.] DISCUSSION AT NEW YORK. 41 


an attempt to develop a single-phase alternating current motor. 
We found that the motor was entirely applicable for very sma!l 
powers, that is, for fan purposes. Incidentally, we learned a 
good deal about the single-phase alternating current motor, all 
of which knowledge is possessed by the gentleman to whom I 
refer. This gentleman, I believe, knows as much about alter- 
nating currents as anybody in the country, and I would like to 
have the Chair call upon Mr. Herbert A. Wagner to add to 
this discussion by stating some of his experiences with the 
single-phase alternating current motor. 

PRESIDENT ScoTtT:—The suggestion is most appropriate—Mr. 
Wagner. ; 

Mr. HERBERT A. WAGNER:—After such an introduction I 
hardly know what to say. I have had some experience with 
alternating current motors, and it gives me the greatest pleasure 
to see a dream, which I have had for years, about to be realized 
in the form of a successful alternating current, single,-phase 
railway motor. I have always been an advocate of single-phase 
alternating current motors, and spent a great many years in 
_ experimenting to develop such motors, with some measure of 
success, for stationary work. My experiences during years of 
experiment in that line could hardly be told in a few minutes. 
Some of them were very discouraging. Most of them, in fact. 
I happen to know that Mr. Lamme has not experimented with 
such a motor for a few months only. I think I remember many 
years ago in Pittsburg, in the early nineties, probably, of seeing 
a street railway motor mounted on trucks, and some brake tests 
being made. I was told that the motor or motors—there were 
two, I believe—were single-phase alternating motors with 
commutators, the motors being very similar to the direct- 
current railway motors then being made by the Westinghouse 
Company, adapted to the use of alternating currents. I did not 
know what succes8 was achieved with those motors at that time, 
but I did know that they were not put into commercial use for 
some reason or other. 

With Mr. Steinmetz I think that there is also a future, a very 
promising future, for the type of motor known as the Thomson 
repulsion motor. I have experimented to-a great extent with 
that class of motor myself. I know that the sparking, espe- 
cially at low frequencies, can be overcome, and I have no 
doubt that that motor can be developed, in time, for street 
railway work. I am also pleased to see the introduction of 
single-phase, rotary converters. I think some years ago in a 
paper read before the National Electric Light. Association, I 
made the statement that there would be on the market before 
many years a single-phase rotary converter, and that the design 
of such a machine ought not to be much more difficult than that 
of the polyphase, although the output would of course be some- 
what less for a given amount of material. I should like to ask 
Mr. Lamme about some of the details of the construction of his 
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motor, particularly with reference to the air gap; whether it isnot 
necessary in order to obtain his high power factor to use a very 
small air gap; also, I should like to know if the field of the motor 
is constructed with the ordinary polar projections of the direct 
current motor, or whether it is a ring provided with slots into 
which the windings are placed, and if so, whether the field wind- 
ing is a distributed winding or a concentrated single coil winding. 

Mr. Extas E. Rigs:—At previous meetings of this INsTITUTE 
a number of papers were read and more or less discussion 1n- 
dulged in with reference to the operation of railways, par- 
ticularly trunk line railways, by means of alternating cur- 
rents, and on all of those occasions, as the TRANSACTIONS will 
show, I have uniformly been one of the foremost advocates of 
the alternating current motor for that class of work. One 
peculiarity of the installation now proposed is the fact. that it 
happens to take place on the line between Baltimore and Wash- 
ington—Baltimore being the city in which I formerly lived—and 
I remember that some years ago, I think it was in 1893 or 1894, 
there was a movement on foot to build what was called at that 
time a “ Boulevard Electric Railway ”’ between those two cities, 
over what was then a record distance, the proposed road being 
about forty miles long. c 

I had previously given considerable study to the question of 
applying alternating currents to operate long distance electric 
railways, having taken out the first patents ever granted on this 
subject, which as a result of my experiments in this direction, 
I applied for as early as 1887. 

When this boulevard road was proposed, it was the intention of 
its projectors to operate it by means of the direct current, using a 
three wire transmission system with a difference of potential of 
about 1,000 volts between the two outside wires. I felt satisfied 
however, that this road, if built, could not be operated with any 
commercial success upon that plan, and that a system of trans- 
mission and distribution involving the use of a high tension alter- 
nating current transmission line with either static or rotary con- 
verter sub-stations was the only feasible one. 

I finally proposed a method for operating that line by means 
of a single phase, alternating current system. I figured out the 
details, and in many respects they were substantially similar to 
what we have listened to to-night. That is to say, I proposed 
using a 5,000 volt alternating current transmission circuit supply- 
ing energy at high tension to about eight converter stations, 
using, preferably, static transformers to transform the primary 
voltage to a low secondary or working pressure of about 500 
volts, and also using a series motor with laminated fields. I 
likewise designed and recommended as an alternative type, a 
constantly running synchronous motor, provided with a variable 
pressure friction clutch mechanism for starting and controlling 
the speed of the car. There were a good many difficulties, how- 
ever, in the way, that being at a very early stage of the art, and [ 
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therefore did not succeed in making much of an impression upon 
the experts employed by the road, which it subsequently turned 
out, was never completed. In view of my own experience I am 
very much pleased to learn to-night from Mr. Lamme’s paper 
that he has gone so thoroughly into the details of the single-phase 
alternating current railway system that I then proposed, particu- 
larly in the matter of regulation and adjustment of the car motor 
conditions, which from the experiments he has made, lead him to 
believe that a single-phase motor, on the plan of the old series 
motor, is apt to be productive of good results. 

In September, 1896, I believe, a paper on the same subject was 
read before this InstiTuTE by Dr. Louis Duncan, with whom I 
was in consultation at the time of this proposed Baltimore equip- 
ment, and in the discussion following the reading of that paper I 
also took an active stand in regard to the advisability of using 
alternating current single-phase motors as soon as a commercially 
practicable motor—better than those with which I have experi- 
mented—was forthcoming or was put upon the market by the 
large electrical manufacturers. I might say that I have always 
taken an active interest in the matter, as I was one of the pio- 
neers in the art of operating railways by meansof alternating high- 
tension transmission currents, that are converted at intervals 
along the line of way by means of suitable apparatus into low- 
tension working currents which are then fed to the car motors. 
For that reason, among others, I am very glad to see that the 
matter is receiving the attention that it is at this time. 
There have been a good many skeptics among our members in 
the past, as has been stated here to-night, but I was never one of 
them; I always felt confident that the time would come shortly 
when my early ambitions and faith in this method of operation 
would be realized and when we would see the single-phase alter- 
nating current system, with its manifest advantages over the 
direct-current system, taking first rank in matters of railway 
operation. 

PRESIDENT ScoTT:—lIf there are no others who care to take 
part in the discussion, we will give the floor to Mr. Lamme. 

Mr. Lamme:—I have only a few comments to make. Some 
doubt has been expressed in regard to the sucecss of A. C. single- 
phase motors of 100 h.p. size, which is that to be used on the 
Washington, Baltimore and Annapolis Railway. It is stated in 
the paper that motors of this size have been tested. The engi- 
neers of the Cleveland Construction Company selected the 100 
h.p. size because they had actually seen them in operation in the 
factory. 

Several speakers have referred to this as a proposed system, 
but we wish to call attention to the fact that it is not simply a 
scheme, but a system which is so far advanced that the contract 
has been taken and the apparatus is being manufactured. It is 
not something which we hope to do, but something which we are 
doing. , 
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In the discussion this evening, reference has been made to the 
repulsion motor, which is the type in which the field is connected 
across the line and the armature brushes are short-circuited on 
themselves and set at an angle to the ordinary neutral point. 
This type is mentioned on page 1236 in the August and 
September number of the Transactions. The opinion has 
been expressed by several speakers that the repulsion type 
of motor is better suited than the straight series motor for 
the service proposed. We have investigated both types of 
motors and consider that the repulsion type is not sosuitable as 
the straight series. There are some very serious disadvantages 
with the repulsion type of motor in this class of service. The 
construction is more complicated as the reversal of the direction 
of rotation is not so easily accomplished as in the plain series 
motor. Analysis of the motor shows that there are other import- 
ant objections which will count heavily against it. Accord- 
ing to our calculations, the repulsion motor will be larger and 
heavier for same output. It appears, therefore, that the series 
motor is the more suitable one for railway work. 

Some questions have been asked in regard to the high power 
factor obtained with the motors to be used on this railway sys- 
tem, and it has been suggested that the large number of poles and 
the low frequency had something to do with the good power fac- 
tor. In answer it may be stated that the frequency, of course, 
will have considerable to do with the power factor of the motor 
but there are many other points entering into the construction 
that have an effect on the power factor. There are so many of 
these points that no one of them shoulc be credited with any 
great gain. The entire proportions of the motor have to do with 
the results obtained as regards power factor. With a 4-pole 
motor a good power factor can be obtained—with a 12-pole 
motor perhaps slightly better can be gotten. It is probable that. 
the 4-pole motor would be so nearly like the 12-pole in many fea- 
tures that it would be difficult to noté the difference, but in some 
particular points either one would show some advantage over the 
other. The number of poles chosen was that which appeared to. 
give the best average results. 

The opinion has been expressed this evening that we are practi- 
cally going back to an old, well-known type of motor. Looking 
at the motor as a whole, it may appear to some that there is noth- 
ing new, but nevertheless here is a plant which will be put in 
operation with a type of motor which some consider to be old, . 
but which accomplishes a result that has not been attained be- 
fore. That fact indicates that there must be some features in 
this apparatus which have not been utilized before. 

Some reference has been made to the single-phase rotaries. 
One reason why single-phase rotaries have not been used hereto- 
fore has been due to the fact that there has been comparatively 
few occasions where their use was necessary. Rotaries have 
been called for principally in connection with polyphase plants. 
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Polyphase rotaries, of course, possess some advantages over 
single-phase; but the difficulties of construction of the single- 
phase rotaries are not great, and where there has been occasion 
for such machines, and supply conditions have’ been suitable, 
it has been the practice of the Westinghouse Company to bid on 
them. Polyphase rotaries have been frequently operated single-. 
phase for temporary purposes. There are cases where they have 
been operated single-phase for several weeks at a time with satis- 
factory results. 

Mr. Arnold has called attention to the fact that this is not the 
first example of the single-phase railway. So far as I know, this 
is the first example in which the scheme of operation is a purely 
electrical one. If there are other roads ahead of this one, of 
course this road cannot have the credit of being the first. 

Mr. MersHon:—Mr. President, Mr. Lamme has omitted 
answering some of the most interesting questions, the question of 
sparkless commutation, the question of air gap and the question of 
type of field winding, are not only of great interest from the 
designer’s standpoint, but of great interest from the practical 
standpoint. It is to be regretted that Mr. Lamme cannot see 
his way clear to give us fuller details. 

Mr. STEINMETZ:—Before you conclude, I should move a vote 
of thanks to Mr. Mailloux for his contribution to the library, 
which establishes a precedent in supplying us not only with 
books, but also with an endowment to take care of the further 
issues of those periodicals. 

The motion was carried. ? 

PrEsIDENT Scotr:—Mr. Mailloux has the thanks of this 
INSTITUTE. 

Mr. Maitiovux:—I rose primarily to speak on the paper. Hav- 
ing been honored by the kind vote of the gentlemen present, I 
would first make a few remarks on this subject. Iam more than 
repaid by your generous appreciation. I thank you. I know 
that there are many who can do at least as well, and many very 
much better. I hope they will all doit, and all do it immediately. 
We have a society that has been growing very fast. It has had a 
brilliant past, but it has and should have a much more brilliant 
future. Let us all help to make it brilliant. As the President 
stated, we ought to have—and figures will not lie—25,000 mem- 
bers. I hope we will get them. One of the ways of getting them 
is to get afine library, anda fine building. This meeting, with its 
overflowing attendance, has shown the necessity for a fine and 
large building. We cannot accommodate the members in a 
building of this size. We ought to have one twice as large. I 
hope you will all go home and think about it, gentlemen, and that 
your thoughts will bear fruit. 

Now about the paper. Generally, 1 want to state that the 
reason why some consulting engineers like myself are skeptical 
and conservative is, possibly, because those who are interested in 
designing and introducing alternating current systems are 
mysterious and uncommunicative about them. I must state 
that while I am skeptical, I have never been lacking in openness 
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to conviction. I think you will find in all the discussion wherein 
I have participated, that I have always manifested a disposition 
to accept progress and welcome it. I have stated in previous 
discussions that there are many cases for which I was desirous 
of finding an alternating current system. I would gladly wel- 
come it, and I am very glad to see progress evidenced this even- 
ing. At the same time I must say that I would be better satis- 
fied if we could get more complete and satisfactory technical 
information as to the features whereby the mysterious and 
wonderful results enumerated are to be obtained. I have 
previously stated that there did not seem to be anything 
radically new in the paper which could account for these results, 
and that they must be accounted for, if at all, by certain peculiar- 
ities of design and proportion, and it seems to me that we are 
missing the heart of this discussion, as Mr. Mershon has inti- 
mated, when we fail to elicit information as to those very im- 
portant points. 

PRESIDENT Scott:—Mr. Lamme may have the floor again. 

Mr. LamMME:—The information which has been asked for in 
regard to the constructional features of the machine will prob- 
ably be given at a later date. At present there are good reasons 
why it is not desired to give some of that information. When 
the proper time comes the whole of it may be given. 

Mr. WAGNER:—I asked one of my questions, with reference to 
the air-gap, as having a bearing on the mechanical construction 
and operation of such a motor. If the air-gap has to be very 
small, it is a mechanical question as to how often the bearings 
will have to be renewed to prevent the armature from brushing 
the field. Such questions, engineering questions like that, I 
thought might be answered. There was one other question that 
I wished to ask. Of course if Mr. Lamme prefers not to answer, 
very well. J want to know if the motor can be reversed without 
resetting the brushes; that is, can a position be found for the 
brushes which is equally good for either direction of operation. 
I do not wish to pry into any details of electrical design which 
may not be’ fully covered or protected at this time. 

Mr. LAamMME:—The question has been asked in regard to the air 
gap on the motors for the Washington, Baltimore and Annapolis 
Railway. The clearance over the armature in these motors is 
practically the same as that between the pole piece and the bands 
in ordinary D. Cc. railway motors. The question has also been 
asked whether it is necessary to shift the brushes of these motors 
when the direction of rotation is to be reversed. In answer, it 
may be stated that the brushes are on the true neutral point as 
in D. Cc. railway motors and the brushes are not shifted when the 
direction of rotation is changed. 

Mr. P. K. STERN :—I believe that I understood Mr. Lamme to 
say the brushes were set in a position 45° from the neutral point. 

PRESIDENT ScotT:—The reference is to another type of motor 
I think. If there is nothing further, gentlemen, the motion to 
adjourn is in order, [ADJOURNED.] 
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PitrspurG LocaL MEETING. 
MINUTES OF MEETING HELD FOR THE ORGANIZATION OF A LOCAL 
BRANCH OF THE AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, AT PITTSBURG, PA. 


_In accordance with the suggestion made by President C. F. 
Scott in his presidential address and on invitation from the 
Electric Club, Mr. C. W. Rice, Chairman of the Institute Com- 
mittee on Local Organization, called a meeting for the organiza- 
tion of a local section of the AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS in Pittsburg, to be held in the Lecture Hall of The 
Electric Club, Monday evening, Oct. 13th. 

The meeting was called to order by Mr. C. W. Rice. 

Mr. Rice was elected Chairman of the evening and Mr. C. E. 
Skinner, Temporary Secretary. 

The following resolution was adopted: 

Resolved, That a committee of ‘five (of which the present 
Chairman shall be one), be appointed to call a second meeting, to 
provide a programme therefor, and to propose a plan for a per- 
manent organization. 

The Chair appointed Mr. P. M. Lincoln, Prof. S. M. Kintner, 
Mr. F. B. Erwin, Mr. J. S. Peck and Mr. Calvin W. Rice. 

Chairman Rice gave a short talk on the desirability of those 
engaged in electrical pursuits becoming members of the INSTITUTE 
and read sections of the Constitution, giving the requirements of 
membership and the initiation fees and dues. 

Mr. Scott, President of the InstiTuTE, was then called upon 
to read his address entitled, Proposed Developments of the 
InstiITUTE, which was delivered on his inauguration as President 
at the general meeting of the InsTITUTE in New York, September 
26, 1902. Mr. Scott elaborated those points which were of 
special local interest. 

Chairman Rice then called upon Mr. P. M. Lincoln to read Mr. 
Lamme’s paper entitled “ Washington, Baltimore & Annapolis 
Single-Phase Railway.” | Mr. Lincoln abstracted Mr. Lamme’s 
paper, giving the more important parts. In conclusion, Mr. 
Lincoln called attention to the fact that Mr. C. P. Steinmetz, at 
the New York meeting, agreed in practically all engineering 
points presented in Mr. Lamme’s paper. Mr: Lincoln stated that 
the extra losses in the rails are not really serious, as these can be 
reduced by increasing the voltage of the circuit, thereby reduc- ° 
ing current. He stated that the extra losses in the rails are 
caused by the so-called “skin effect ’’ when magnetic materials 
are used as conductors. Measurements made on the Manhattan 
Railway showed, under certain conditions, an increase in the line 
loss of about 400 per cent. when magnetic material was used on 
the circuit over that of non-magnetic material. 
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Chairman Rice then called for questions on the paper of the 
evening. These questions were answered by Mr. Lincoln. 

Q. Why is the power factor variable? 

A. For the reason that the inductive element of the input to 
the motors at any given current is a constant, whereas the power 
element is proportional to the speed. It is evident, therefore, 
that the ratio of these two quantities—which is the power factor 
—will increase with increasing voltage and therefore increasing 
power output. 3 

Q. What is the power factor of the motor when starting? 

A. From 30 to 35. 

Q. Why are motors connected in series parallel instead of all in 
series? 

A. Chiefly to reduce the voltage across the motors and there- 
fore to reduce the strains on the insulation of the armatures. 

Q. How is the induction regulator operated? 

A. By air pressure. 

'Q. Why is the primary of the regulator connected in series 
_with the motors? 

A. To reduce current in the regulator and auto-transformer 
and therefore make them smaller. 

Q. Why are the fields of the motors connected in separate 
circuits instead of directly in series with the armatures? 

A. In order to enable the motors to be reversed by a single 
switch. 

Q. Why are balancing coils used across the motor armaturés? 

A. In order to make use of static friction. With this arrange- 
ment it is not possible to slip the wheels to which one motor is 
connected without slipping all, and maximum tractive effort is 
therefore available. 

_ At this point Chairman Rice called on Mr. N. W. Storer for a 
few remarks. 

Mr. Storer stated that during the last few months, as the ex- 
ponent of the p. c. railway system, he had been the recipient of 
much advice and many pitying glances, implying that he would 
soon be out of a job and had received many offers of new positions 
as the p. c. railway motor was sure to become a thing of the past. 
He said that in spite of this, the p. c. railway motor was still doing 
business and as far as he could see would continue to do so for 
some time to come. He also said that he welcomed the advent 
of the new A. c. railway motor as it solved one of the difficult 
problems in connection with railway work, viz., the long dis- 

’ tance railway lines. With pv. c. railway motors it is not practical 
to_use more than 600 volts across the motor, or 700 volts on the 
line, on account of the liability to flashing at the commutator. 
He said he was particularly gratified to find that when the a. c. 
motor was to be adopted, the designers were compelled to use the 
old p. c. motor. There would be some disadvantages in the new 
system which did not occur in the old, one of these being the 
increased weight necessary, consisting of transformers and other 
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apparatus on the car. Mr. Storer closed by saying that he was 
very glad to extend the right hand of fellowship to the new Sys- 
tem. 

Mr. Scott spoke of the fact that in the beginning there was a 
wide difference between the appearance of alternating and direct 
current machines, but that these differences have gradually 
become less,until at present there is a very close similarity,somuch 
similarity that it issometimes very difficult to distinguishonefrom 
the other during construction in the factory; and that it is not- 
able that after so many attempts at alternating current railway 
work, the present motor is remarkably similar to the old direc- 
current series wound motors. He said that the paper by Mr. 
Lamme was more than a statement of a new motor; it was a 
broad statement of a complete new system, indicating how many 
things are required in the development of such a system, and 
how many things must be worked together in order to produce an 
operating system. If, for instance, the drop in the rails should 
happen to be several times greater than it is with the alternating 
current at the frequency selected, the present scheme might not 
be feasible. Mr. Scott referred to his introduction of Mr. Lamme 
at the New York meeting, where he said that Mr. Lamme had 
had to do either directly or indirectly with the development and 
success of practically all the machinery manufactured by the 
Westinghouse Company. 

Chairman Rice asked that the members be perfectly free in 
giving to Mr. Lincoln, Chairman of the Committee of Permanent 
Organization, any ideas they might have in regard to such an 
organization. 

A count of the InstiTuTE members present showed a total of 
19, with approximately 120 Club members and guests. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


New York, October 24, 1902. 


The meeting was called to order by President Scott at 8.30 


P.M. 
THE PRESIDENT:—The Chairman of the Reception Committee, 


Mr. T. Commerford Martin, has some remarks to make. 

Mr. Martin :—At the request of Mr. Scott, I have a great deal 
of pleasure in reporting to the members of the INSTITUTE, the 
work which has been done by members who were selected to 
cooperate with members of the other three national engineering 
societies, with regard to the founding of the John Fritz medal for 
achievement in the industrial arts and sciences. This movement 
had its inception last spring. This is Mr. John Fritz’s eightieth 
year, and it was proposed to signalize that interesting event by 
the foundation of this medal, Mr. Fritz being, as many of you 
gentlemen know, the oldest living iron master and engineer in © 
this country connected with the great underlying arts of the pro- 
duction of iron and steel. A general committee was formed. Its 
first meeting was held in these rooms, and that meeting was 
attended by your Chairman of Committee on Papers, Mr. Calvin 
W. Rice, by the Secretary, Mr. Pope, by Mr. William Maver, Jr., 
and by myself. Mr. Rice, as you know, has been called away 
from New York to assume very important duties. Our esteemed 
Secretary, Mr. Pope, had other pressing engagements, and I 
seemed to be the only member left of the Committee who had 
any leisure. The various committees of the General Committee 
were formed, and I have much pleasure and pride in reporting 
that we have raised a fund, to which the electrical engineers have 
contributed largely and liberally, of $6,000. The John Fritz 
medal to-day is an assured fact. We have paid out about $1,500 
to Mr. Victor D. Brenner, an American sculptor, for the execu- 
tion of the medal, and we have enough left in hand to provide 
a fund of about $150 a year, which will allow of the presentation 
of a gold medal every year of the value of about $100. It is pro- 
posed that the medal shall be awarded by a select committee of 
four members from each of the four national engineering bodies, 
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four from the electricals, four from the mining, four from the 
mechanicals, and four from the civils. Should any society fail 
to cooperate in any given year, it is still proposed that the award . 
of the medal shall take place if anybody is found deserving; and 
the remaining three or remaining two societies will constitute the 
necessary committee and executive body to award the medal. 
As far as I am aware at the present time, there is not the slightest 
doubt as to the codperation of the four national engineering 
bodies in this very interesting and important movement. I 

_ believe it is the first time we have ever codperated in anything of 
the kind, and that it should have achieved such an instant- 
aneous success is an augury of the best character with regard to 
our mutual working together and codperation in the future. I 
think it is necessary for the success of each of the four national 
bodies, that they should stand together rather than stand apart. 
So far as our own INSTITUTE is concerned, I understand that the 
following gentlemen will represent this INSTITUTE on the com- 
mittee or council which is to award the medal. I presume it 
will be awarded within one year from the present time. The 
members of that committee are Mr. Charles F. Scott, Mr. Charles 
P. Steinmetz, Mr. Carl Hering and Dr. A. E. Kennelly. I am 
sure you will agree with me that no more appropriate selection 
could possibly be made. 

Having achieved the first part of our purpose in the foundation 
of the medal and in having it executed by the best artistic skill 
that we could command in America, the next thing to do was to 
celebrate the event in fitting fashion. The John Fritz Medal 
banquet will be held in this city at the Waldorf-Astoria next 
Friday night, Hallowe’en, and the indications are that it will be 
one of the memorable banquets in this city. There are already 
subscriptions to the dinner for about 450, and as we are still a 
week away from the event, I think it is safe to say that we shall 
have at least 500 or 600 ladies and gentlemen present upon that 
occasion. The representation of the INstTiTUTE there is excellent 
and could hardly be better, but we are naturally desirous that 
the electricals should show up as strongly as they can on that 
occasion, and if any of you gentlemen wish to be present, I would 
like personally, in view of the honor which has been conferred 
upon me of making me a member of the Dinner Committee, 

_ to ask you to be present upon that occasion and to help hold up 
my hands. I want to see the electricals as strongly in this 
movement as possible, and I live in hopes of seeing the John Fritz 
medal conferred upon some of the members of the INstiTUTE, 
upon some of the gentlemen whom I have the honor to see before 
me at the present time. 

The subscriptions to the John Fritz Banquet will be received 
by Mr. J. C. Kafer, the President of the Engineers’ Club, at the 
Club, not later than Wednesday next, and from present indica- 
tions, we shall have to close the list a great deal earlier. Per- 
sonally, I feel the utmost pride and pleasure in the success of this 
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first joint movement amongst the National engineering bodies 
of this country, and I live in hopes, also, of seeing medals like 
the John Fritz medal founded in our own SociETyY. 

THE PRESIDENT:—Mr. Martin is not only a member of the Din- 
ner Committee, but he has the position to which he is entitled by 
proved ability. He is chairman of that committee. The 
Board of Directors of the InstiTuTE decided this afternoon that 
the InsTITUTE should be represented on the Board of Award of 
the John Fritz medal, by the three most recent past presidents, 
and by the present president. It is the intention each year to 
appoint the incoming president as a member of the Board of 
Award, there being one change each year. 

The subject of the meeting this evening is ‘‘ Photometry and. 
Ilumination.” 


A paper read at the rbgth Meeting of 
the American Institute of Electrical Lngi- 
neers, New York, October 2gth, 1902, 


PHOTOMETRY AND ILLUMINATION. 


INTRODUCTION BY PRESIDENT SCOTT. 


It is difficult for us whose streets and houses are illu- 
minated almost as well by night as by day to realize that 
it was only a trifle over a century ago when inventors 
began to make improvements upon the primitive lamp which 
had done service for many thousands of years. The fuel for 
lamps was principally solid or fixed oils until the advent of 
mineral oils within the past fifty years. The general change 
from candle-sticks to lamp chimneys was in the days of our 
fathers and mothers. Gas lighting became common in London 
in 1816. The electric lighting on a commercial scale has come 
about with the easy recollection of all of us. It was the demand 
for illumination and the development of electric lighting which 
gave the electrical industry its great impetus and it is still one of 
the most important branches of electrical work. If time per- 
mitted, it would be interesting to study the influence of artificial 
illumination as a factor in civilization, to note its effect upon 
domestic affairs, social customs and industrial activity. 

Light as a commercial product must be measured. Although 
it is one of the most common commodities and has been for years 
sold daily to millions of customers, yet there is scarcely any 
commodity in which the standards and methods of measurement 
are so inadequate. Gas is sold by volume and not by the quan- 
. tity of illumination produced. Electricity is sold by the quan- 
tity of current or of energy, which is probably quite satisfactory 
to the central station. When, however, the measurement of 
the light itself is considered, the methods and the standards are 
inadequate and often illogical; for example, the candle power of 
an arclamp has been so unscientifically stated that as a makeshift 
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it is often designated by the watts consumed irrespective of the 
actual quantity of light or of the difference in the quality of 
light from various lamps. 

Although the measurement of the invisible, intangible, subtle 
flow of electricity is effected with the greatest degree of refine- 
ment and precision by instruments which are the embodiment 
of simplicity in design, construction and operation and the elec- 
trical units of measurement are amiong the most definite physical 
standards, yet the measurement of light and of illumination is 
one for which the standards are not simple and convenient and 
for which the methods of measurement are difficult and incon- 
venient, and unsatisfactory and inadequate. Peculiar diffi- 
culties are inherent in the problem, as it involves physiological 
as well as physical elements. The only purpose of illumination 
is the production of a certain effect upon the nerves of the retina, 
and popularly speaking, it is the amount of this effect which is 
termed the intensity of the illumination. The color and char- 
acter of the light, as well as its quantity, are elements of the 
first importance both objectively when considered in a physical 
and in a scientific sense and also subjectively in their relation to 
vision. These effects are by no means the same with different 
individuals nor are they constant with the same individual. 

In discussing the operation of incandescent lamps on low 
frequency alternating current, the late Prof. Rowland once 
remarked that the proper test would be to have an old lady use 
the light for reading and see whether it hurt her eyes. At first 
this suggestion seemed rather out of place, but I rather think 
that the leading physicist of America was not far wrong when he 
proposed the physiological rather than the physical test to deter- 
mine the suitability of a source of light. 

In a scientific sense the quantity of the energy which is 
luminous and which is capable of affecting the retina is the im- 
portant element when determining the efficiency of a source of 
light. This luminous energy is quite small compared to the heat 
energy which is wasted energy so far as the eye is concerned. In 
a physical measurement of the efficiency of illumination the total 
quantity of light emitted is the only quantity to be considered. 
In determining this it is necessary to obtain the total radiation 
and it is for this purpose that the mean spherical or the average 
candle power in all directions is measured. In general, it is not 
total illumination which is of practical consequence; it is effec- 
tiveness in illumination which is wanted, and not so many total 
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candle power or so many watts consumed. Effective illumina- 
tion involves quantity of light, color of light, distribution of 
light and the canons of adequate and acceptable illumination are 
physiological as well as physical. Two sources of illumination 
which emit the same aggregate quantity of light cannot be placed 
upun a commercial parity if one of them thfows a greater pro- 
portion of its light up when the illumination should be downward 
_or vice versa; nor if one gives yellow light which is less effective 
than the white light of the other; nor if one emits its light from a 
single intense source, whereas the other may send its light forth 
from numerous points or an extended area. 
It is well to study carefully and make intelligent use of the 
physical methods of measurement. Such methods are certainly 


useful in comparing different lights of the same kind or order 
and they greatly assist one who is experimenting to increase the 
efficiency #f a given type of lamp. But in our study of the 
standards to be used in the measurement of light and the methods 
and apparatus which are suitable it is fitting that we should have 
in mind the general problem of illumination. We must recog-° 
nize that although electric lighting is of prime importance in con- 
tributing to the general welfare and in its commercial aspects, 
nevertheless, all of our present methods. of producing electric 
illumination require an exorbitant expenditure of energy for the 
production of a given quantity of light on account of the large 
amount of waste heat; also that the presei.t methods of supply- 
ing light usually give a distribution which is uneven, ineffective 
and unsatisfactory; and also that the present methods of 
measurement, although susceptible of a fair degree of physical 
precision do not adequately measure what is of first importance, 
namely, the effectiveness of illumination. 


A paper read at the 169th Meeting of the 
American Institute of Electrical Engineers, 


; New York, October 24th, 1902. 
TS 


AN INTEGRATING PHOTOMETER FOR GLOW LAMPS 
AND SOURCES OF LIKE INTENSITY. 


BY CHARLES P. MATTHEWS. 


In a previous paper’, I have described an equipment designed 
for the photometric study of arc lamps. The most valuable 
feature of this equipment lies in its ability to yield a value of the 
mean spherical luminous intensity from a single photometer 
setting. It is the purpose of this paper to describe an apparatus 
possessing this same valuable feature, and several others worthy 
of note, when used for the photometry of the incandescent lamp 
and other sources of the same order of brightness. 

Designed especially for incandescent lamp measurements, the 
apparatus has several functions and might have been styled a 
“universal glow lamp photometer.” It is capable of use for all 
photometric measurements on the glow lamp that do not lie in 
the province of spectro-photometry. To particularize, it may 
be used as follows: | 

(1.) Asasimple photometer for any unidirectional measure- 
ments, such as occur in standardizations, ratings and candle- 
power distributions. 

(2.) As an integrating instrument for the direct determina- 
tion of mean horizontal, mean spherical, mean hemispherical or 
mean zonular candle-power. 

(3.) As an integrating instrument for the direct determina- 
tion of the spherical reduction factor; that is, the ratio—mean 
spherical; mean horizontal candle-power. 


1. TRANSACTIONS, xviii, 1901. 
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THE IMPORTANCE OF THE MEAN SPHERICAL VALUE. 


The fact has long been recognized? that the only strictly fair 
basis for the comparison of incandescent lamps, is that of the 
‘total flux of light emitted, a quantity proportional to the mean 
spherical candle-power. It is possible by altering the configura- 
tion of the filament to concentrate luminous flux in particular 
solid angles at the expense of flux in other angles. Hence, two 
lamps of equal rated candle-power may yield total light flux in 
quite different amounts. On the other hand, if two lamps have 
initially the same mean spherical candle-power, their relative 
value is determined simply by their power consumption and 
sustained candle-power. The vexed question of what is the 
most useful light may well be left to the purchaser, who can 
select the type of filament best adapted to his own needs. The 
question is comparable to that which asks: What is the best diet 
for man? 


Existinc METHODS FOR THE DETERMINATION OF THE MEAN 
SPHERICAL VALUE. 


Of the methods in use in the determination of the mean 
spherical candle-power, the most accurate is that in which 
measurements are made at equal angular intervals through 180° 
in a plane passing through the axis of symmetry of the filament, 
the lamp being rotated meanwhile about this axis. From the 
readings so obtained, the mean spherical value may be found 
either by formula or the graphical construction known as the 
Rousseau diagram.’ 

The method employed in the Franklin Institute tests of 1884 
involves the mean of 38 candle-power values taken in such direc- 
tions at to give a nearly uniform space distribution. The mean 
of these values is the result sought. 

Both of the foregoing methods involve a large number of 
readings—so large, in fact, that their application to the practical 
rating or extended study of lamps is out of the question. 

A third method consists in the use of the spherical reduction 
factor appropriate to the type of filament under consideration. 
Unfortunately, this factor is not a constant for any given type 


2. In 1897 a committee of the INstiTUTE reported as follows: (Trans- 
actions, page 90.) ‘‘ Although incandescent lamps are at present rated 
by their orizontal candle-power, yet, since the only true criterion of the 
total quantity of light emitted by a lamp is its mean spherical candle- 
power, we recommend that the rating of lamps should be based upon 
their mean spherical candle-power so fat as is commercially practicable.’” 

3. TRANSACTIONS, September, 1901. 
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of lamp. With some types, the method yields a good result; 
with others the variations are such as to render the results only 
roughly approximate. A. disadvantage is the large and in- 
‘creasing number of types on the market and the necessity for 
determining and keeping account of the corresponding constants. 

Liebenthal found as the result of an extended series of measure- 
ments that the mean of the intensities taken at 51.8° north polar 
distance and 51.8° south polar distance on a spinning lamp is a 
value approximating the mean spherical intensity regardless of 
the type of lamp. The errors resulting from the application of 
this method range from —.1% to + 3.9%. This is probably the 
most accurate of the simpler approximative methods. 


THEORY AND DESCRIPTION OF THE APPARATUS. 

_ From what has been said, it would appear that there is need 
of a photometer capable of giving the mean spherical candle- 
power of an incandescent lamp with the ease and celerity 
obtainable in the ordinary photometric measurement. With 
this need in mind, I have designed and had constructed the 
apparatus decribed below. 

The theoretical basis of the design is the approximate equa- 
tion for the mean spherical intensitv 


ee er cin G 
= Dm ey 9m @) 


wherein Jy is the intensity of a ray making an angle @ witha 
vertical passing through the light center and the number of 
terms in the summation. In order that equation (1) may apply 
to a. glow lamp, it is necessary to spin the lamp precisely as is 
commonly done in determining mean horizontal candle-power. 

To see how equation (1) may be made the basis of an integrat- 
ing photometer, let us consider a source of lights (Fig. 1), anda 
photometer screen p whose plane extended contains the effective 
light center of s. We will hereafter denote the center of the 
photometer screen by 7p and the effective light center by ¢. >, For 
convenience we will further assume that p and q lie in the same 
horizontal plane to which the plane of P is normal, and we will 
call the line pq the axis of the system. Now consider two 
mirrors whose planes are vertical and make an angle of 90° with 
each other. Let the centers of these mirrors, designated by a 
and b, come into the horizontal plane in such positions that the 
lines ga and pb are equal and respectively normal to the axis 
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of the system. Let a’ and b’ be the centers of a second pair of 
mirrors occupying a position such as would be found by swinging: 
a and b, without mutual displacement, upward about g p as an 
axis until ga makes the acute angle @ with the vertical. Hav- 
ing thus located a’ and b’ angularly, we may now assume that 
some radial movement of this pair of mirrors is possible. The 
eye placed at p will see virtual images of the source in horizontal 
and @ aspects respectively. The images s’ and s” may be re- 
garded as producing jointly an illumination on the photometer 
screen of 


SP cen aia iy male Ts 
19 + Un a’ a ay (2) 
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where K, and Ky are the reflection co-efficients of the pairs 
of mirrors, d), dy, the distances from source to screen by way ‘of 
the mirrors and C a factor varying with the incidence of the light 
upon the photometer screen P?. Now if ™ pairs of mirrors be 
placed similarly to a, b and a’, b’, but spaced at equal angular 
intervals of 4 0 such that n 4 0 = z, we shall have as the result- 
ing illumination 
TC “Ae Ip 


>. Or > tas (3) 


If by radial adjustment of the mirror here we make 


CK, _ Ky sin0 
dy dy (4) 
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then 


Teoh K, ; T 
2]. (2) = z, ], I sin 0 (5) 

That is to say, the total illumination of the screen is propor- 
tional to the mean spherical intensity of the source. (See equa- 
tion 1.) To evaluate this intensity, it is necessary merely to 
balance this illumination against that due to a source of known 
intensity at a known distance. 

Fig. 2 shows the disposition of twelve pairs of mirrors, m,, m,, 
etc., in order to produce the desired results. If the illumination 
of a given surface varied exactly as the cosine of the incidence of 


Hic, 2. 


the light upon that surface, and if all mirrors used were of equal 
reflecting power, then there would be no need of radial adjust- 
ment of the mirror pairs, for in such case SC = sin @ and Ky = 
K,. But the so-called cosine law is only approximately true 
and mirrors vary in reflecting power, hence it is necessary to 
compensate for discrepancies in C and Ky by slight changes in dp. 
The extent to which this correction is of importance depends, 
of course, upon the nature of the photometer screen. The plas- 
ter of Paris surface of the Lummer-Brodhun screen obeys the 
cosine law with exactness up to an incidence of 50°, but beyond 
this point a divergence of increasing magnitude occurs (Fig. 3). 
Hence, for the Lummer-Brodhun screen the only adjustment of 


64 MATTHEWS: INTEGRATING PHOTOMETER. [Oct. 24, 


mirrors necessary is that to overcome variations in their reflec- 
tion co-efficients except for angles greater than 50°. With mir- 
rors cut from one sheet of glass, the correction for variation in . 
reflecting power is often negligible. With the Bunsen screen, 
correction must be made for all angles of incidence. For ex- 
ample; the second curve in Fig. 3 is the result of measurements 
made upon ordinary draughting paper from which the Bunsen 
screen is often made. Here the departure from the cosine rela- 
tion is noticeable from the very beginning and becomes as high 
as 15% at 75° incidence. The third curve in the same figure 
shows the results obtained with ordinary glazed writing paper. 
The cosine relation is not even roughly approximate is this case. 
Fig. 2 also shows the method of balancing the illumination 


Percent Variation from Cosine 


Fie. 3. 


Per cent. variation from cosine relation for different screens. 

TsUneisied papers cs 

III.—Glazed paper, 
produced by the series of images due to the circular system of 
mirrors. Mirrors M,, Mg, Ms, My are cut from one piece of glass 
just as are the mirrors in the ordinary Bunsen photometer. It 
is not essential that the other mirrors of the system should have 
the same coefficient, since, as already explained, the initial 
adjustment corrects for failure of the cosine relaton and in-, 
equalities in the mirror coefficients at the same time. With the 
standard at s’ separated from s, the source to be tested, by an 
opaque screen, a balance in the illumination is obtained by mov- 
ing M, and My. The method of doing this will be better under- 
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stood by reference to Fig. 4, which shows in elevation and 
plan the essential elements of the apparatus. To the right 
of these figures is seen the mirror system, each pair of mirrors 
being capable of a certain amount of radial movement for pur- 
poses of the initial adjustment of the instrument. s is the lamp 
to be tested, mounted upon a rotator, s’ is a standardized glow 
larnp. The mirrors m, and Mg, rigidly connected, may be moved 
along the bar by means of a rack and pinion conveniently under 
control of the observer at the photometer p. The photometer is. 
fixed and hence the operation of making a setting is more con- 
venient than that which obtains with the ordinary sliding form. 
As the design is based upon the approximate equation (1) and 
not upon the integral form, some error arises from this cause. 
With eleven pairs of mirrors the error is negligible for all pract- 
ical purposes. 


Fie. 4. 


Fig. 5 shows a photograph of the finished apparatus with 
ali screens removed in order that the details of construction 
may be better seen. This particular instrument is fitted with 
a Lummer-Brodhun photometer screen. Each mirror bracket 
is provided with two pins. These pins extend through the 
frame of the ring radially. By means of this construction, 
each mirror pair may have independent radial adjustment. 

We will now consider in detail the different operations to 
which the instrument readily lends itself. 

OPERATION 1.—MEASUREMENT OF MEAN Horizontal CANDLE 
PoweER. 

In this operation the apparatus is used as a simple photometer. 

Hence, all mirrors except the four horizontal ones are covered 
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by black screens suitably provided for the purpose. The right 
pair of mirrors (Fig. 4) is connected at c to the sliding rod carry- 
ing the rack. The lamp s to be tested is mounted in the rotator 


arines, doy 


and driven at a speed of say 180 r. p.m., and a standardized 
incandescent lamp, of intensity 1, is placed in a suitable holder, 
at s’.. The rod R may be moved by the hand for a rough adjust- 
ment, and the pinion p” used only for the final setting. Sincea 
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displacement d of the mirror pairs means a change in the light 
paths of 2d, the moving rod is graduated in divisions one-half the 
unit (centimetres) in which the light paths are conveniently 
measured. A reading R means that the distance from s’ to the 
screen by way of the mirrors Ms, M,, is R centimetres. If, now 
the total photometric distance between the sources is 300 cm, 
we have for the intensity 1 of the light under test 


800 Ra. 
es, 
PPE (6) 
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where 7, is the value of the expression in brackets and stands for 
“tabulated value corresponding to the reading R.’’ When the 
apparatus is used with a standard of always the same intensity, 
it is a simple matter to make the instrument direct reading. 

Obviously, the mean intensity in any north or south polar 
zone may be found by clamping the arm of the rotator at the 
proper angle and spinning the lamp, readings being taken as for 
the mean horizontal measurement. The mean horizontal candle- 
power of a flame source must be found by taking the horizontal 
distribution step-wise since it is impracticable to rotate such a 
source. Equation (7) is applicable in such measurements. 


OPERATION 2.—DiISTRIBUTION OF CANDLE-POWER IN VERTICAL 
PLANES. 


The distribution of intensity of an incandescent lamp in any 
vertical plane is obtained with the apparatus arranged as de- 
scribed under Operation 1. The arm of the rotator is merely 
tilted about a horizontal axis so as to bring any desired aspect 
of the lamp toward the photometer screen. ‘rom equation (7) 
the different intensities are easily found. 

The vertical distribution of candle-power from a flame source 
cannot be obtained by tilting the arm of the support. The fol- 
lowing method is available in such cases: Mount the burner 
vertically ats, Disconnect the mirrors m,, M, from the movable 
rod and push them to their place at the extreme right (Fig. 4). 
Now with a standard of the same order of brightness as the 
source to be testea, make a setting. The horizontal intensity is 


given by 
200 ]2 
a= |-R | (8 
Wipe g 


(9) 
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where TJ, is the tabulated value of the expression in brackets 
corresponding to the reading R. 

To obtain the intensity of the source in a direction of @ to the 
vertical, the horizontal and 6 mirrors should both be used. This 
prevents the limit of the bar being reached by mirrors M,, M,. 
The intensity is given by 

I; ae Ty uf a I, 
sin 0 (10) 


where J, is the intensity found in the horizontal measurement. 
OPERATION 3. STANDARDIZATION OF GLOow Lamps. 

{ For this operation the lamp s is removed and a horizontal 
circular plate mounted in place of the lamp. This plate is ruled 
with concentric circles which facilitate the centering on the amyl- 
acetate lamp or other primary standard. The lamp to be stand- 
ardized is mounted ats’. With all mirrors screened except the 
horizontal ones, and with m, M, attached to the bar, settings are 
made as usual. The value of s’ is given by 


1 
de eae (11) 


if the standard is unity. 


OPERATION 4. MEASUREMENT OF MEAN SPHERICAL 
. INTENSITY. 


(a) Glow Lamp.—The lamp to be tested is mounted in the 
rotator and driven at a speed of about 180 r.p.m. Mirrors 
M, M, are detached from the movable rod and pushed to the ex- 
treme right, in which position they may be considered a part of 
the system of eleven mirror pairs. With a standardized lamp 
at s’, a setting in made in the manner already described. If R 
is the reading, we have 

7 a iat Brie “*”T12) 
where 7, is a tabulated value corresponding to the setting R and 
Iy, the intensity of the standard as heretofore. Thus the opera- 
tion has all the simplicity of any photometric measurement. 

The intensity of the standard used should be approximately 
that of the lamp to be tested. For example, if a 16 c.p. lamp . 
is to be tested, a standard of not less than 16 c.p. is best. With 
such a standard, the range of possible measurement depends 
upon the limit of travel of the mirrors mM, my. A 16 c.p. lamp 
will serve as a standard for the measurement of mean spherical 
intensities ranging from 2 to about 25 c.p., when the limit of 
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travel is about one metre. It is best to substitute a 32 c.p. 
standard for intensities much greater than 16 Gp. 

(b) Flames.—To obtain the mean spherical intensity of a 
flame or of any source that cannot be rotated, it is necessary to 
repeat Operation 4 at equal angular intervals on the horizontal 
circle. The mean of the results may then be taken. 


OPERATION 5. Direct MEASUREMENT OF THE SPHERICAL 
REDUCTION ‘FacTor. 


If the standard s’ and the opaque screen o be removed, it is 
clear from the figure that the left side of the photometer screen 
will be illumined by the horizontal rays of the lamp s. In fact, 
if s be rotated, we will have on the right side of the photometer 
screen an illumination proportional to the mean spherical inten- 
sity of s and on the left side of the screen an illumination pro- 
portional to the mean horizontal intensity of the same source. 
Under these conditions the photometer setting yields the spheri- 
cal reduction factor. In other words, the mean spherical inten- 
sity is measured against the mean horizontal intensity as a 
standard. The reduction factor is given by 

ji T; (13) 

As the removal of the standard s’ lengthens the distance from 
source to screen, it is necessary to add a constant to the reading. 
This is provided for by a second reading point marked rrF. All 
readings for Operation 5 must be taken at this reference mark. 
OPERATION 6. To CHECK THE HorIzonTAL Mrrror ConstTANnrvs. 

As before stated, it is essential that the four mirrors attached 
to the movable bar should have the same constant. To ascer- 
tain if this condition exists, remove the opaque screen and the 
lamp s’ as in Operation 5. Connect the horizontal mirrors to 
the moving rod and, screening all other mirrors, take reversed 
photometer readings on a rotating lamp s. If the mirror 
coefficients are equal the mean reading will be 150, indicating 
equal light paths on each side of the photometer screen. Here 
again the rR F reading mark must be used. 

OPERATION 7. To CHECK THE ADJUSTMENT OF THE CIRCULAR 
MIRROR SYSTEM. 

In case of any. doubt as to the accuracy of the initial adjust- 
ment of the photometer, or in case of the substitution of a new 
screen, it may be necessary to readjust the mirrors of the half 
ring. This operation is best performed as follows: Mount at 
s a 32 nominal c.p. lamp, and at s’ an 8 c.p. lamp, the latter 
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being in circuit with a rheostat capable of continuous variation. 
With mirrors mM, and M, free from the moving rod, and with all 
other mirrors on the half-ring screened set R equal to 100 c.m. 
Now, while maintaining the 32 c.p. lamp at constant voltage, 
vary the voltage impressed on the 8 c.p. lamp until the photo- 
meter shows equal illuminaton. Note voltage on 8 c.p. lamp. 
Repeat measurements with reversed photometer. The lamp 
should finally be maintained at the mean voltage so found. 
Under these conditions the two lamps have a candle-power ratio 
of 4:1. Next tilt the lamp holder to an angle of 15°. Uncover 
the corresponding mirrors (9 = 75° or @ = 105°) and cover the 
horizontal ones. Under these conditions we have the same 
aspect of the lamp toward the photometer, but with the light 
incident at 15°. Set the bar at 


= ne SRG . ‘e 
cos 15° (14) 


Adjust the 15° mirrors radially until an equality of illumina- 
tion is obtained, then secure them by means of the set screw. 
This operation may be repeated until all the mirrors have been 
adjusted. 

In conclusion, I would acknowledge ‘my indebtedness to 
Messrs. D. M. Lynch and E. D. Fristoe for their painstaking 
labor in construction a preliminary form of this apparatus. I 
am also indebted to Mr. C. R. Dooley, Assistant in Electrical 
Engineering at Purdue University, or assistance. 
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DISTRIBUTED LIGIITING. 


BY DOUGLASS BURNETT, B.S. 


The papers of Messrs. Bell', Doane? and Ryan! presented this 
year to the InstiTuTE, direct attention to the possibility of reduc- 
ing the general considerations which they propound to a more 
scientific and exact basis than has yet appeared. é 

Commercially speaking, the instances are few in which the 
raw material is the finished product; and the higher the civiliza- 
tion, the greater the number of developing steps and the greater 
the efficiency of each. 

The necessity of manipulating sources of light to practical ends 
has been realized for many centuries and the early developments 
are illustrated in the Tissot paintings, which show a number of 
ancient lamps grouped on super-posed trays. 

Photometric studies have been concerned with sources of light, 
their production, comparison and standardization, their interisity 
quality and characteristics; and with the instrument for measur- 
ing their candle power, both total and intrinsic, as well as with 
simple formulas for theoretical cases of light distribution. 

Most experiments have been made in rooms or enclosed spaces 
from which practical conditions have been excluded as much as 
possible, the walls being plain and made non-reflecting by dead- 
black surfacing, and scientific refinements have so far been ap- 
plied that even the atmosphere in which the standard flames have 
been burned has been replaced by one of pure oxygen. 

I wish to direct thought to the necessity of determining—not 
the conditions existing at the prime source of light, but those 
existing at the illuminated surfaces with which we are constantly 


concerned in daily life. 


a 
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No light may ever be used until it impinges upon something, 
for, unless interrupted, light will continue along a straight line 
indefinitely. Distributed sources of light and diffusing surfaces 
are always present in actual lighting. The percentage of time 
which one spends and of work which one does in direct sunlight 
in city life is very small; artificial lights should be and are usually 
so screened or arranged as to take advantage of the diffusion and 
minimize the glare in one way or another. These results are 
secured by applying more or less ornamental shades to naked 
flames, by frosting incandescent lamps or surrounding them with 
diffusing screens and directing shades and by enclosing arc lamps 
and gas lamps of high intensity in translucent globes. 

These processes are carried to an extreme in cases of ‘‘ con- 
cealed lighting,’’ where all the lamps are hidden from view be- 
hind solid cornices or translucent materials. In New York City 
there are several excellent instances of halls or rooms lighted 
entirely in this manner, using incandescent lamps. 

The indications are that such methods may be applied to a 
greater extent than heretofore in the event of developments in 
vacuum tube or gas tube lighting. This type of lamp should 
lend itself particularly to diffused lighting effects, owing to the 
greater area of the source of light and its correspondingly de- 
creased intrinsic brilliancy; the result would be a decrease in the 
spotting effect, which has been difficult to eliminate with incan- 
descent lamps, owing to the brightness of the wall surface in the 
immediate neighborhood of the lamps. The optical efficiency 
is also high, being as much as 32 per cent. for Geissler tubes, 
compared with 5 per cent. to 10 per cent. for incandescent, and 
15 to 25 per cent. for arc lamps. 

It would be interesting to compare the intrinsic brilliancy of 
the light of such tubes with that of other lights; the figures are 
for an arc crater 6,400 candle power per square centimeter’, for 
a Nernst glower about 100°, for an incandescent filament about 
40 and for an Argand gas flame .3 candle power per square centi- 
meter. In connection with these figures it may be said that the 
arc lamp is much too dazzling for exposed use ordinarily and 
even with the incandescent lamp the after-image is quite promin- 
ent. It is seen that the development of lights of high intrinsic 
brilliancy renders increasingly important the study of the dis- 
tribution and diffusion of their light. 

The inverse square law for determining the amount of illum- 
ination on any surface is based on the conception that the light 
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from an isolated source radiating into space decreases in pro- 
portion to the areas of concentric spheres. In practice the 
amount of illumination is greater than would be determined by 
this law, but is less than that obtained from a non-divergent 
beam, such as that from a searchlight projector, in which case 
were it not for the intervention of dust, fog or other obscuring 
particles, the illumination upon a standard reflecting surface 
would be the same at any point in the beam within an infirite 
distance. 

The increase of the illumination upon a lighted surface due to 


diffusion from reflecting surfaces near the source of light, reaches 
8 


a maximum represented by the expression where /f 


1 
aay 
represents the reflecting coefficient and is the fraction showing the 
percentage of reflected to the incident light. If fj equals 95 per 
per cent., the multiplication would be twenty times. Some 
actual tests of this effect are needed, though reflection coeffi- 
cients have been measured.’ In consequence of this multiplying 
power, diffusing surfaces are therefore a positive aid in distribut- 
ing illumination. 

The illumination apparent upon a surface is, according to 
Fechner’s law, proportional to the logarithm of the actual lighting 
stimulus reflected from the surface. 

The distribution of illumination along a surface with reflecting 
power of f per cent., from a lamp of intensity J candle power, 
located at a normal distance of /: feet from the surface, throwing 
rays of light at angles 0 with the surface, the rays reaching 
points x feet distant from the foot of the normal, is determined 
by the formula 


~fisin ¢ 
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“<9” is to be measured in luxes or candle feet. In this connection 
question may be raised as to the desirability of calling the light- 
ing effect of one lux on a unit surface, otherwise called a lumen, 
one ‘‘ ray’ or one ‘‘ beam ”’ of light, just as in connection with 
the magnetic field we use the term “ line of force.’” 

It is therefore possible in some measure to calculate the dis- 


tribution of lighting along an illuminated surface, though the 
problem becomes further complicated when a second reflecting 


surface is introduced and it may be at present considered imprac- 
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ticable to determine with any fair degree of accuracy the actual 
illumination in a room. 

It seems, however, quite possible actually to measure this 
lighting effect. ; 

In several instances such curves of illumination have been 
plotted ”, but are usually based upon the assumption that there 
is no reflcetion or diffusion. In others, the mistake has been 
made of plotting the candle power of the light incident upon the 
surface, with the result of exaggerating the apparent lighting 
effect. 

A fundamental law in this connection is that illuminations 
from independent sources may be arithmetically added to 
determine resultant illumination. 

An error, which I think has always been made, is in connection 
with the plotting of the space intensity curves of incandescent, 
arc, Nernst and other lamps. The impression they convey 
would much more nearly accord with what actually occurs if the 
curves showed-not the intensity of light in the various directions, 
but the lines along which the lighting is equal at any point. Such 
curves may be called “‘ isophotals,’’ and while they are of the 
same general shape as intensity curves, their dimensions are as 
the square root of the radii. 

A theoretical set of such curves has been published by Weber." 

The tendency of enclosing an arc, for instance, either in the 
interior gas globe or more particularly in the outer diffusing 
globe, is to make such an isophotal curve approach more nearly 
a circle, which effect is further enhanced by the diffusion from a 
neighboring ceiling; thus tending towards the desired result of a 
flat curve, indicating uniform illumination.” 

Arc lamps for the lighting of country roads should be such as 
throw their lighting downward; whereas in the lighting of city 
streets, lined with buildings, such lamps should be used:as will 
throw an amount of light on the walls for diffusion purposes as 
will not be objectionable to the occupants. 

A number of photometers for determining the intensity of 
sources of light have been devised, while few instruments, notably 
those of Weber’ and of Houston and Kennelly“ for the measure- 
ment of illumination on a surface have been described; and in 
each of these the lighting was not measured directly, but was 
adjusted by means of screens or by means of the weakening of 
visual power, and then compared with a standard amount of 
illumination. The nearest approach to attempt such a 
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measurement has been made, I believe, by Hutchinson”, in con- 
nection with the lighting of the Congressional Library at Wash- 
ington, but in this case a simple photometer with a Bunsen 
grease-spot disc was used, one side being exposed to the illumina- 
tion of the room, the other to an adjustable standard of light—in 
this case a 16 candle-power lamp, but in that case the candle- 
power was measured and the illumination estimated from the 
known distance of the group of lights, no allowance being made 
for diffusion; and all measurements were made in a single posi- 
tion. 

The Bunsen, the Lummer-Brodhun, and other standard 
photometers operate with varying and indeterminate amounts 
of lighting on the surfaces to be compared; and any one of them 
is in essence a luminometer rather than a photometer, since the 
candle power is deduced by the application of the mathematical 
formula instead of measured or compared directly. 

The author has devised an instrument arranged so as to ex- 
pose a standard white surface to the ordinary lighting of a room, 
the amount of which is not varied. The position of a small 
incandescent lamp in reference to a similar and adjoining surface 
is, however, adjusted in order to secure within commercial limits 
an equal illumination, the position of this standard lamp being 
indicated on a graduated scale in terms not of distance but 
directly in terms of the number of luxes. Other observers” 
have stated that the use of small incandescent lamps is quite 
permissible for such purposes for several hundred consecutive 
observations. The only precaution necessary in the use of such 
an instrument would be to shield the eyes from light other than 
that reflected from the two standard surfaces, and to shield each 
respectively from the other source of light. 

It may be of interest at some future date to plot the space 
candle-power curves from a standard open are without enclosing 
globe, the space candle-power curves of an enclosed lamp of the 
same watt consumption with the diffusing globes used in prac- 
tice, the isophotals from the latter lamp, the theoretical illumina- 
tion from the open are along a horizontal surface without diffu- 
sion and the actual illumination curves from the lamp with the 
enclosing and diffusing globes in a room under normal operating 
conditions. 

In addition to the case cited there have been but few instances 
where the amount of illumination on a surface has been mea- 
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sured or calculated, notable among which may be mentioned a 
test of the lighting of the streets of Paris.” 

Our methods of expressing illumination have been in terms of 
the number of standard lamps such as those of 16 candle-power 
50 watts per hundred or thousand square feet of surface. Bell” 
has expressed an opinion that 5 candle-power per square inch is 
a maximum for interior lighting; Cohn” has given 10 meter 
candles as the hygienic minimum and 50 meter candles as the 
value of daylight; and Wybauw” has given 15 to 25 meter 
candles as necessary to fluent reading, or one meter candle for 
street lighting. Possibly practical requirements may hereafter 
be more clearly specificd by the assistance of some such instru- 
ment as has been suggested in this paper. 
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SOME METHODS OF PHOTOMETRY AS APPLIED TO 
INCANDESCENT LAMPS. 


BY Jj. TI. MARSHALL. 


For fifteen years or more the Edison General Electric Com- 
pany and its predecessor, the Edison Lamp Company, have tested 
lamps for voltage on a so-called sliding scale photometer. This 
type of photometer is an adaptation of the ordinary form of a 
Bunsen grease spot photometer, by which the voltage of the 
lamp at rated candle-power is determined from the candle-power 
it gives at a given voltage. 

If two lamps of the same candle-power end voltage be placed 
one at each end of the photometer and the same voltage be 
applied to them, they will give the same candle-power and the 
photometer screen will balance at the middle of the photometer. 
If the two lamps are of different voltages, they will give different 
candle-powers and the screen will balance at some other point 
than the middle of the photometer. The relative candle-power 
of the two lamps, as indicated by the point at which the screen 
balances, will determine their relative voltage. The voltage of 
one lamp being known, the voltage of the other lamp may be 
read directly from a scale on the photometer made to suit the 
lamp. 

The sliding scale photometer does not require a volt-meter— 
an advantage which, before the introduction of reliable dead- 
beat volt meters, was more apparent than at present. This 
type of photometer has a further advantage, in that its readings 
are not materially affected by changes of several volts in the line 
for the reason that these changes similarly affect both lamps, 
‘and do not alter the balancing point of the screen. 
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Fig. 1 is a simple diagram showing the electrical connections of 
a photometer. 

A is the working standard, or lamp of known voltage. B is the 
lamp to be tested, and c is the movable screen, the position of 
which at the balancing point indicates the voltage of the lamp B. 
The volt scale is made by a combination of the curves of the 
candle-power scale of a Bunsen photometer and a curve showing 
the change of candle-power due to change of voltage. 

Fig. 2 is a curve of a candle-power scale of a Bunsen photc- 
meter. It is derived from the formula: 

100 y 


a (100 — x)? 


Fig.1 


C 
SCALE 


RHEOSTAT 


x is the distance of the screen from the standard lamp, ex- 
pressed in per cents. of the photometer length, and y is the 
candle-power expressed in per cents. of the candle-power of the 
standard lamp. 

Fig. 3 is a curve showing the chance of candle-power due to 
change of voltage. The candle-powers and voltages are expressed 
in per cents. of the candle-power and voltages at 3.1 w.p.c. 

Fig. 4 isa curve of the volt scale of a sliding scale photometer. 
The voltages are expressed in per cents. of the voltage of the 
standard lamp, and the distances from the standard lamp in per 
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cents. of the photometer length. This curve is derived from the 
curves of Figs. 2 and 3. 

For instance: A lamp with a voltage 105 per cent. of the volt- 
age of the standard lamp will, when burned at the voltage of the 
standard, be burning at 95.24 per cent. of its true voltage. In 
Fig. 3 the percentage candle-power corresponding to 95.24 per 
cent. voltage is 71.2 per cent., and in Fig. 2, the per cent. distance 
corresponding to 71.? per cent is 54.28 per cent; so that the dis- 
tance corresponding 7° 105 per cent. volts is 54.28 per cent. The 
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projection of the integral per cent. volt points of the curve on the 
length scale gives the volt scale. 

The length of the volt divisions for any length photometer and 
- voltage of standard lamp will be directly as the length of the 
photometer, and inversely as the voltage of the standard lamp. 

There is a source of error in the use of the sliding scale photom- 
eter, in that the curve in Fig. 3 is not the same for all lamps. 
This difference is due to the fact that the law of change of resist- 
ance of filaments with change of temperature or candle-power 
varies—depending on how much of the filament is base carbon 
and how muchistreatment.  - 5; 

Fig. 5 shows change of candle-power due to change of voltage 
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for lamps made with filaments of only base carbon, and filaments 
which have been treated respectively to 75, 50, 374 and 25 per 
cent. of the resistance of the base carbon. The voltages and 
candle-powers are expressed in per cents. of the voltage and 
candle-power at 3.1 w.p.c. 

Fig. 6 shows the volt scales derived from each of the curves 
referred to in Fig. 5. 

The curves of Figs. 3 and 4 are derived from the lamps treated 
to 374 per cent. of the initial resistance. This is about an average 
treatment. 
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It will be seen in general that the volt scale is contracted more 
and more as the treatment on the filament thickens. If any one 
of these scales is used for reading variously treated filaments, it 
will be necessary to restrict the readings to a few volts either side 
of the middle point. 

These scales were derived from a few lamps, made and mea- 
sured since I was asked to prepare this paper. Measurements 
made on a larger number of lamps would probably modify these 
scales somewhat. The scale actually in use at our factory is 
shown on Fig. 6 by round dots. 
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In using the sliding scale photometer it is the practice to select 
a scale whose middle voltage is very nearly the average voltage 
of the lamps to be tested; to select for a working standard a well- 
seasoned lamp of the same candle-power as the lamps to be 
. tested and of a slightly lower voltage than the middle point of 
the scale; to have a few ohms resistance in series with the work- 
ing standard, so that its candle-power may be reduced or slightly 
changed; to read only a few volts either side of the middle point 
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of the scale, and to keep the voltage of the line nearly the same 
_ as the middle point of the scale. 

‘The photometer is set with a few lamps like those to be tested. 
They are first carefully seasoned and tested for voltage on a 
standard photometer, and kept for reference lamps. One of 
them is placed on the working end of the photometer, the screen 
is placed on the scale at the voltage marked on the reference lamp 
and the working standard is brought to a candle-power which 
balances the screen. The other reference lamps are then placed 
successively on the working end and their voltage read on the 
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scale by moving the screen. If the observed voltage averages the 
same as those marked on the reference lamps, the photometer is 
correctly set. 

Attention has been called to the fact that the curves of candle- 
power and voltage are different for differently treated filaments. 
It is interesting to note that if curves were made showing the 
change of candle-power with w.p.c., they would be coincident for 
ali the filaments of Fig. 5. 

A brief account of the invention and early use of the sliding 
scale photometer may be interesting. 

Some time in the early eighties, Mr. William Holzer, then 
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Superintendent of the Edison Lamp Gompany, sent to the life: 

test photometer room several thousand 16 candle-power lamps, 
from which he asked us to select all that were above 115 volts. 
I began with the usual method of bringing the lamps up to candle- 
power and reading the volts with a Thompson galvanometer. 
Then it occurred to me that I could put in a standard lamp of 
115 voits, connect it in multiple with the other lamp, and that all 
the lamps that were less than 16 candles would be more than 115 
volts. The varying candle-powers of the successive lamps put 
on the photometer suggested the making of the volt scale; and, 
recalling that Mr. J. W. Howell had in his table drawer curves 
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like those in Figs. 2 and 3, I made a scale like that in Fig. 4, and 
the next day tested 1,500 lamps in four hours, something hereto- 
fore unprecendented in lamp testing. We were then making 
so few lamps that it did not seem worth while to change our 
regular photometer room to this method, particularly as the 
photometer required resetting for every different candle-power 
lamp. Mr. F. R. Upton, then General Manager of the lamp 
company, advised me to patent the invention, but I thought a 
publication of the method would only cause our competitors to 
appropriate it without compensation, and therefore did not do so. 
Soon afterwards, I was sent to our Canadian factory to put the 
lamp testing apparatus in order. I there found that the engine 
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regulation was so bad that the best way to obtain steady vcltage 
was to turn the engine throttle while watching the voltmeter. 
I found that I could duplicate my results better with the sliding 
scale photometer,-letting the engine race, than by trying to con- 
trol it and read volts with a voltmeter. I therefore installed the 
sliding scale photometer and made up a full set of reference lamps 
After this had been running for a year we commenced to install 
them in the Harrison factory, and are still using them. 

We are using for inspection purposes a photometer connected 
as per Fig. 7. We call this the differential photometer. 

The voltmeter reads the difference in voltage of the two 
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lamps, and has its point of no difference at the middle of the 
scale, which is marked with the voltage of the standard lamp. 
The scale is calibrated only a few volts either side of the middle 
point so that it is very open. One terminal of the voltmeter 
can be slid along the resistance in series with the standard lamp, 
so as to make the voltmeter read the voltage of the reference 
lamp used in setting the photometer. The advantage of this 
type of photometer over the sliding scale photometer for inspec- 
tion is, that by changing the position of the screen it can be used 
with the same setting for lamps of all candle-powers, that come 


Fig. 7 


in the range of the voltage of the meter. The advantage over a 
standard photometer which reads the total voltage of the lamp, 
is that a mor2 open scale can be used and changes in the voltage 
of the line produce smaller errors. For instance, if the standard 
lamp and the test lamp are the same voltage, a change in the line 
will make no change in the reading. But suppose that the test 
lamp is 100 volts, and that the line drops 10 per cent.; then the 
10 volts difference will appear as 9 volts, and the lamp will read 
109 volts instead of 110 volts, an error of less than 1 per cent., 
due to change of 10 per cent. in the line. 

Our method of inspection with this photometer is to bring the 
test lamp to the volts marked on it and read the candle-power. 
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in this way a few lamps are inspected from about a third of all 
trays of lamps tested. 

Mr. J. W. Howell first used the differential photometer as a 
means of testing lamps for volts, some time in 1897. We are 
now experimenting with it again for that purpose, and may possi- 
bly substitute it for the sliding scale photometer as a means of 
overcoming the error due to the different volt curves of differently 
treated lamps. 

We are also experimenting on a photometer, using alternating 
current in a transformer having single volt steps. The test 
lamp will be brought to its rated candle-power by connecting it 
to the proper step, and its volts will be shown by the number of 
steps between the connections of the test lamp and the standard 
lamp. This method will have the triple advantage of dispensing 
with a voltmeter, overcoming the errors of the sliding scale 
_ photometer, and reading all lamps with one setting of the 
photometer. This method was suggested by Mr. H. B. Coolidge, 
of the Lamp Testing Bureau. 
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THE COMMERCIAL ACCURACY OF PHOTOMETRICAL 
MEASUREMENTS. ° 


BY CLAYTON II. SHARP. 


The term ‘‘ commercial accuracy ’’ has a significance which 
recognizes the fact that for the practical purposes of the engineer 
and the manager, measurements, tests and computations of all 
sorts need not be carried out to the highest degree of refinement. 
This is because variations in working conditions are so large that 
they mask the effect of ultra refinements in the subject matter 
of the test, or because the residue neglected in making rougher 
tests is not suffictently large to make it pay to expend on its 
determination the necessary time and money. 

It would ,for example, be superfluous to check the accuracy 
of a switch-board instrument to one-tenth per cent. (0.1%), or 
to determine the dielectric losses in a cable to a similar degree of 
accuracy. It is not possible to fix any value for the limits of 
error within which tests or measurements may be taken as com- 
mercially accurate, since their limits vary widely with the con- 
ditions of the test. In the case of the switchboard instrument 
cited above, one-half of one per cent. may be taken as the allow- 
able limit, while in the case of the cable ten per cent. error would 
not be excessive. A recording watt-hour meter is considered as 
commercially accurate if it registers correctly within two per 
cent. 

It is probable that in almost any test involving the making of 
more than one measurement under conditions of fluctuating volt- 
age or current such as nearly always prevailin practice, the result 
can be considered as commercially accurate if it is within 2 per 
cent. This value of 2 per cent. may consequently be taken as a 
kind of general value for the limit of commercial accuracy. — 
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It is the purpose of this paper to inquire whether photometri- 
cal measurements conform in general to the requirements of 
commercial accuracy; that is, whether they stand on equal or 
nearly equal footing in this regard with other electro-technical 
measurements. The excuse for presenting this inquiry is the fact 
that there seems to be a widespread feeling that such is not the case. 
The idea is sometimes expressed that photometrical measurements 
are subject to an uncertainty and unreliability all their own, and 
that their results are often worthy of little confidence. It is 
undoubtedly true that a certain amount of skill and practice is 
required to make good photometrical measurements and that 
certain precautions must be taken, the neglect of which will 
vitiate such measurements. But it is the business of a photo- 
metrist to have such skill and to be familiar with such precau- 
tions, just as it is the business of the alternating current engineer 
to understand the conditions of his work and the pitfalls which 
are liable to entrap him. The fact that many bad photometrical 
measurements have been made by persons not sufficiently 
familiar with the nature of the work, does not argue that this 
class of measurements is per se unreliable. 

Photometrical measurements may be divided into three gen- 
eral classes, corresponding to similar classes in electro-technical 
measurements in general. For these classes, different degrees 
of accuracy are to be expected. The first class includes those 
measurements in which the primary standard or unit of lumin- 
ous intensity is used to calibrate secondary standards of the 
same. This is similar to the calibration of secondary standards 
of resistance from a mercury ohm, and like the latter, the results 
are involved in the uncertainty connected with the production 
of the primary standard. 

The second class comprises the calibration of working second- 
ary standards by reference to the original secondary standards. 
This is the class of work which can be carried out to the highest 
degree of accuracy. The third class includes commercial meas- 
urements of sources of light by reference to working secondary 
standards, and corresponds to ordinary electrical testing where 
direct reading instruments are used and no effort is made toward 
great refinement. Speed is an important factor in this kind of 
work. 

In order to ascertain if a good commercial accuracy is attain- 
able in photometrical work of these three classes, series of ex- 
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periments have been carried out in the Lamp Testing Bureau as 
outlined below. 

_ In testing the accuracy of work of the first class, starting out, 
that is, from a primary standard, two Hefner amylacetate lamps 
and one Harcourt ten-candle power pentane lamp were repeatedly 
compared with invariable incandescent lamp standards. 

The Hefner lamps used were manufactured by different German 
makers, but both bore the stamp of the Reichsanstalt, the one 
No. 242, dated 1896, and the other, No. 937, dated 1901. These 
lamps were not identical in all their dimensions. One of them 
_ was supplied with a woven wick, the other with a wick of loose 
strands. The pentane lamp was made by the American Meter 
Company. The proper burning fluid was used for all the lamps. 
These lamps represent the best types of primary photometrical 
standards in use to-day. The proper precautions in their use 
were taken and the necessary corrections for atmospheric 
humidity were applied. It was assumed that the pentane lamp 
required the same percentage correction for humidity as the 
amylacetate lamp, since the true value for its correction has not 
been determined by experiment. The measurements were 
carried out chiefly by Miss Leiter and Miss Merriman who, while 
both college graduates and trained in laboratory methods, had 
had no previous experience in handling these lamps. Carried out 
under these conditions, it is.safe to assume that the results ob- 
tained can be duplicated anywhere where atmospheric conditions 
are not excessively bad. The results are contained in Tables I 
and II. 

Inspecting the column of Table I, where the differences be- 
tween the lamps are given, it will be seen that in two cases these 
reached the excessive value of 5.2 per cent. and 3.9 per cent., 
indicating that one of the lamps was not burning under normal 
conditions. The mean difference between the lamps was but 
1.2 per cent. in a series of fourteen measurements made on ten 
different days. The mean deviation of the values uncorrected 
for humidity from the mean of all was 1.7 per cent. for both 
lamps, while the corrected values differed only 1.1 per cent and 
1.0 per cent. on the average. The greatest deviation of a single 
measurement from the mean of all was but 4.8 per cent., but this 
occurred when the indications of the lamp disagreed by 5.2 per 
cent., and in any practical case this measurement would have 
to be rejected. If the mean indication of the pair of lamps is 
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taken as representing a measurement, the mean deviation was 
1.0 per cent., and the maximum 2.5 per cent. 
The secondary standard lamps to which these measurements go 
for the value of the British candle power are the progeny of 
lamps standardized at the Reichsanstalt over ten years ago, 
using the ratio I Hefner unit = 0.88 c..p. At that time the 
correction for humidity had not been determined by the Reichs- 
anstalt authorities. We find now that in terms of these second- 
ary standards the Hefner uncorrected, equals 0.884 c. p., a 
deviation of less than one-half of 1 per cent. 
The pentane lamp used was known to be an imperfect one, not 
giving its full 10 c. p., hence too much stress should not be laid 
upon the low value which it shows. The results in Table II. in- 


TABLE II. 


PENTANE LAMP MEASUREMENTS. 


C.P. uncor- |C.P. corrected | Amount of Deviation Deviation 
Date rected for or humidity from mean from mean 
humidity. humidity. correction. of all, of all, 
uncorrected. corrected. 
1902 
Oct 8 9.20 9.44 2.7% —1.2% +0.4% 
pet. ot 9.00 9.22 2°5% —3.3% —1.8% 
SeXG 9.20 | 9.43 2.5% —1.2% +0.3% 
5 Ke) 9.31 9.40 1.0% 0.0% 0.0% 
fe 10 9.15 9.24 1.0% —1.7% —1.7% 
eal | 9.33 9.61 2.0% +0.2% +1.1% 
“14 9.30 9.39 1.0% +0.1% 1% 
sg 9.33 9.46 WBA +0.2% +0.6% 
“15 9.11 9.02 1.0% —2.1% —4.0% 
Coen) 9.37 9.37 0 0% +0.6% —-0.3% 
me. 9.27 9 42 1.5% —0.4% 0.2% 
SULT 9.67 9.60 —0 75% +3.0% 2.1% 
pe kG, 9.76 9.68 —0.75% +4.8% +2.9 
18 9.40 9.40 0.0% +0 9% 0.0% 
Mean.... 9.31 9.40 2.2% +1.4% +1.1% 
Oe ee ee = 


’ dicate that it is at least as consistent with itself as the Heiner. 
The maximum deviation from the mean was 4.8 per cent. for the 
uncorrected readings and 4.05 per cent. for the corrected oncs. 
The mean deviations were 1.4 per cent. and 1.1 per cent. re- 
spectively, or substantially the same as for the Hefner. It 
is a fair conclusion from the foregoing that it is feasible to 
determine luminous intensities absolutely with reference directly 
to a primary standard with a degree ot accuracy falling within 
the general limit ascribed above to commercial accuracy. 

The results of measurements coming under the second class, 
namely, the copying of incandescent lamp secondary standards, 
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are shown in Table III. In it are given various determinations. 
of the voltage at which each of 10 lamps gives 16c.p. The 
measurements were made by two different photometer operators 
on different days, as shown, and have been simply abstracted 
from the ordinary records of the Lamp Testing Bureau. 


TABLE III. 
STANDARD Lamp MEASUREMENTS. 
Mean 
EF. M.E.P. E.F. M.E.P. E.F. deviation 
Lamp. | Sept. 25. | Oct. 1. Sept. 30. Oct. 8. Oct. 14. Mean. from 
mean. 
. Volts. Volts. Volts. Volts. Volts. Volts. 
1 108.40 108.43 108.19 108.39 108 . 37 108.4 0.06% 
2 108.75 108.79 108 .62 108.91 108.80 108.8 0.06% 
3 109.05 168.96 108 .82 109.04 109.02 109.0 0.04% 
4 109.79 109.82 109.75 109.89 109.86 109.8 0.04% 
5 107.82 107.80 107.68 107.75 107 . 64 107.7 0.04% 
6 108.77 108.61 108.61 108.63 108.60 108.6 0.04%. 
7 108.16 107 .96 107.82 107 .96 108.0 0.07% 
8 110.01 109.90 109.85 109.98 109.91 109.9 0.06% 
9 108.50 108.42 108.41 108.52 108.42 108.5 0.05% 
10 109.00 108.98 109.00 108.83 108.97 109.0 0.02% 
ee ee ee 


The greatest mean deviation from the mean for any lamp is 
0.07 per cent. in voltage, which corresponds to about 0.05 c.p. 
The final results may be taken as certainly correct within nar- 
rower limits than this value. The closeness with which photo- 
metrical measurements can be made under these conditions is 
such as to task the capabilities of the best direct reading volt- 
meter. The voltmeter acutally used in making these was a 
Weston laboratory standard. Certainly, for commercial pur- 
poses, copies of photometric standards need not be made any 
more accurately than this table shows that it is possible to make 
them. 

As showing what may be and is done in strictly commercial 
measurements, class three, the results in Table IV. are of interest. 
Ten lamps were measured at marked volts on four different. 
photometers by four different photometer teams, under strictly 
commercial conditions. Each photometer was turning out some 
500 lamps a day, measured just as these ten were. Each value 
given represents a single photometer setting. 

The greatest deviation of a single measurement from the mean 
of the four was 2.5 per cent. The mean of the maximum devia- 
tions is but 0.4 per cent. It is particularly important to note 
that the results obtained by different operators on different, 
photometers are in substantial agreement. The deviations of 
the candle-power of the individual lamps from 16 are to be 
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TABLE IV 
COMMERCIAL MEASUREMENTS. 
Se ee aa ee a ee eee ee 
Lamp G.P: C.P. C.P: (OA)2), Maxi ; 
No. Photom.No. 1. | Photom.No. 2. | Photom.No. 3. | Photom.No. 4. Tes iationt 
if 16.5 16.4 16.3 16.4 0.6 a 
2 16.2 16.2 16.2 16.1 0.88 
3 16.3 16.4 16.2 16.4 0.8% 
4 16.0 16.15 16.0 15.9 0.6% 
5 15.9 16.0 16.0 15.9 0.3% 
6 16.6 16.9 16.4 16.2 2.5% 
ve 16.4 16.2 16.3 16.2 0.6% 
8 16.2 16.2 16.0 16.0 0.8% 
9 16.3 16.2 16.1 16.1 0.8% 
10 15.9 15.9 16.1 16.0 0.8% 
Mean 16.20 16.25 16.16 16.12 0.4% ag 


ascribed to the fact that these lamps were marked to integral 
voltages only. 

When photometrical measurements are made on sources of 
light such as the electric arc, the limits of allowable error must be 
considerably extended. The difficulties of arc-light photometry 
have often been ascribed to the difference in color which exists 
between the light of the arc and that of the comparison source. 
This is undoubtedly a real and a serious difficulty, but it is not an 
unsurmountable one. The great trouble in arc-light photometry 
has been that photometrists have been trying to ascribe a con. 
stant value to a varying quantity, namely, the luminous intensity 
of the arc in a given direction. Just as soon as a rational en- 
deavor is made to measure some moderately constant luminous 
element of the arc, such as its total luminous flux or its mean 
spherical intensity, good, consistent results can be obtained, as 
the experiments of Professor Matthews have amply demonstrated. 

The points which it has been the purpose of this paper to em- 
phasize may be summarized as follows: 

1. There are primary standards of luminous intensity, which, 
whatever may be their shortcomings from the point of view of 
the physicist, are sufficiently accurate for commercial purposes. 

2. These standards can be copied with as high a degree of 
accuracy as is desired. 

3. Rapid photometrical measurements can be made with all the 
accuracy required for commercial purposes. 

4. In the case in which photometrical measurements are in 
the worst repute, namely, in the photometry of the arc, the chief 
fault lies with the varying nature of the quantity which it is 
sought to measure rather than with available methods of meas- 


uring the same. 
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DISCUSSION. 


Mr. Burnett, after reading his paper, continued as follows: 

I should like to show the arrangement of these ‘‘ isophotal ” 
curves, suggested in this paper. If we have here (referring to 
blackboard), a source of light, the customary method of plotting 
out its action has been to draw a curve on any arbitrary scale, 
showing the relative intensity in various directions in a vertical 
plane. My suggestion is that we consider the actual illumination 
throughout a plane of the space lighted and indicate the various 
curves of 1, 2, 3, etc.; or 10, 20, 30, etc., candle meters, the chart 
would be drawn to a scale of so many feet to the inch. The 
radial dimensions of these curves will be found to vary as the 
square root of the intensity of the light source in the correspond- 
ing direction, and all the of ‘‘ isophotal’”’ curves will be found 
to have the same general shape as the single light intensity curve 
as I now show, except as changed by shadows and diffusion. It 
would be at least interesting, if not of actual value, to proceed 
to chart out these curves in real instances. The only set that I 
have seen are those of Weber, which are referred to in my paper. 

Having then mapped out the illumination throughout a 
vertical plane, we may show on our chart a surface upon which 
the light impinges, and draw a curve showing the distribution of 
the lighting in candle meters along a line of that surface inter- 
sected by the plane.. A study of this sort of curves will show 
that the distribution of the lighting is much more uniform than a 
curve showing the intensity of the light in the various directions, 
radiating toward corresponding points of the surface. 

From these rough curves which I have indicated, we make the 
deduction, as pointed out by Ryan, that the direction of the 
maximum intensity is different from and higher than the direc- 
tion of maximum illumination. 

As I show here, my instrument compares the normal lighting 
of the room falling upon this surface with the lighting on a 
similar and adjoining surface created by an adjustable lamp, 
suitable shades being provided to avoid interference between the 
lights and with the normal size of the pupil of the eye. Such an 
instrument would measure the illumination at the various points 
of a room and would furnish data for the construction of such a 
curve as I have indicated. 

THE PRESIDENT:—Gentlemen, we have been presented with an 
exceptionally excellent array of luminous material, and the 
general subject is now open for discussion. We have with us 
this evening Prof. Nichols, a recognized authority.on the subject 
before us. Prof. Nichols will open the discussion, ; 

Pror. Epwarp L. Nicnois:—Mr. President and Gentlemen: 
I came to-night to listen rather than to say anything, but I should 
like to express: my admiration for the very admirable and 
ingenious manner in which Mr. Matthews has worked out the 
problem of rapid measurements of the mean spherical candle 
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power, both of the arc lamp and of the incandescent lamp. 
While it is true, of course, that the use to which a lamp is to be 
put, as the Chairman has stated in hisintroductory remarks 
determines the question as to the direction in which the light 
shall flow, there can never be any other general method, I think, 
of comparing light-giving sources, except that of the mean 
spherical candle power. Whatever methods we use for our 
convenience or for special purposes, should after all be referred 
back to this, and the only reason why it has not come into 
general use, has, I take it, been that it has hitherto been most 
laborious and uncertain. Mr. Matthews has shown us how this 
can now be accomplished rapidly, and I am sure that he deserves 
the highest thanks of all interested in photometry for his labors 
in this field. 

. Tshould also like to say that I feel very strongly the point that 
the second reader, Mr. Burnett, made in his paper, with reference 
to the importance of the study of illumination as distinct from 
the mere photometric measurements of.sources of light. We 
see growing indications everywhere of a realization of the import- 
ance of this side of our subject. I might say that we have in the 
laboratory at Cornell University made a step toward. the 
practical study of these problems, by setting aside a room for 
the study of illumination. Dr. Sharp, who read a paper to- 
night, is the originator of that plan, and the room which he 
devised is being used. It is a room shaped something like this 
one, although not quite so large. The walls and ceiling can be 
draped in any desired way, so that the wall surface can be 
changed, using white, colored or black draperies. These 
draperies can be moved aside, and the walls, when the test is an 
important one, can be kalsomined or painted or coated with xny 
desired pigment, and the floor can likewise be treated. The 
method which is employed and which I think is likely to yield 
important results, consists in dividing off the floor into squares 
of one metre and placing upon the floor at various points, a small 
white card the illumination upon which is determined in various 
positions by means of the Weber photometer. There are other 
devices for doing this, but this was the one that happened to be 
at our command and it works very well. The same piece of 
_ cardboard can then be placed on a movable stand at any desired 

height above the floor, and the illumination can be explored at a 
distance of one metre above the floor, two metres above the 
floor, and so on in detail. Thus the light field of the room can 
be plotted in detail, very much as one might study the magnetic 
field of a region, and maps can be made of the same. The light- 
ing of the room is likewise capable of adjustment at will; that is 
to say, you can use as many lamps of a given kind as may be 
desired and those can be gropped as may be desired, in a central 
cluster, or around the walls or in any way, and the resulting 
illumination can be compared. I think that this is a line of 
work which will be very instructive to those who have occasion 


96 PHOTOMETRY AND ILLUMINATION. [Oct. 24 


to deal with artificial lighting, and it is certain that it ought to be 
carried on, not only in closed spaces of this kind, but likewise 
out of doors, since the question of the best method of street 
lighting is almost as important as the best method of lighting 
rooms. The fact has already been pointed out that our newer 
sources of artificial light are all too bright to be good for the eye, 
and I think there is no doubt but what the future of lighting as 
a fine art will consist, in a great measure, in placing the lamps 
where they themselves will not be seen, and getting the light 
from them in such directions and such quantity as may be most 
desirable for the work in question. 

We are in the study of illumination only upon the threshold 
of exactitude. Dr. Sharp has pointed out that photometric 
measurements are capable of a considerable degree of precision, 
but photometry is only the beginning of the science of the study 
of illumination. 

Mr. Francis R. Upton:—The method of testing lamps by a 
comparison with a lamp in the same circuit, was one that solved 
many a hard difficulty that was met with in the early days of 
making incandescent lamps. The fact that Dr. Nichols was the 
first photometrist of incandescent lamps, is interesting, especially 
as he has followed that out for so many years. What he de- 
scribes to-night regarding the study of illumination, is most 
important. What the light itself tests is nothing. It is what 
it does. That is what the public are looking at. There is one 
point about illumination that I have never seen mentioned; that is, 
the effect of the mass of light in New York City, and the mass of 
light in Newark, upon the clouds reflected back upon the land- 
scape. At Orange at night, this is now so great that on a cloudy 
night, all the trees, all the houses, can be distinctly distinguished 
by the light from the clouds. - This illumination is such that in 
New York harbor on any dark night you can see all the boats on 
the river and even the waves. I remember distinctly that when 
the question of putting arc lights on the piers or along the water 
front was discussed, it was thought that they would interfere 
with navigation. Now, the arc lights are so many, and the. 
general illumination is so great that navigation is much aided. 

THE PRESIDENT :—It is rather surprising to note that although 
clouds in the day time obscure the general illumination, clouds 
at night contribute to the illumination of the surrounding country. 
Mr. L. B. Marks has given a good deal of attention to this general 
subject. 

Mr. L. B. Marks: The photometer of Prof. Matthews was 
brought to my attention about six months ago, and I at once 
became very much interested in the method of operation which 
was described to you by him this evening. 

I find on looking over some of the literature relative to the 
subject of photometry, that in 1897, as I believe Prof. Matthews 
mentioned, the AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
made the following recommendation as to the candle-power 
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rating of incandescent lamps. The Committee on Units and 
Standards reports: ‘‘ Although incandescent lamps are at 
present rated by their horizontal candle-power, yet, since the 
only true criterion of the total quantity of light emitted by a 
lamp, is its mean spherical candle-power, we recommend that 
the rating of lamps should be based upon their mean spherical 
power so far as is commercially practicable.” 

Again, at the Great Barrington Convention of the InstTITUTE 
this year, a Committee further reported on the same subject in 
these words: ‘It is customary in industrial practice at the 
present time, to rate incandescent lamps upon the basis of their 
mean horizontal candle-power; but.in comparing sources: of 
light in which the relative distribution of luminosity differs con- 
siderably, the comparison. should be based upon the total quan- 
tity of light or total flux of light emitted by each source.” 

The Committee appointed by the National Electric Light 
Association to investigate this question reported in 1902 in sub- 
stance, that while in theory the mean spherical candle-power 
should be the final test for luminous radiation of incandescent 
lamps or other lamps, until such candle-power can be determined 
by a more correct and precise process than is now commercially 
available, it is best to depend upon the mean horizontal candle- 
' power, etc. 

In other words, it may be said that up to the present time we 
have had no means of commercially determining the mean 
spherical candle-power of incandescent lamps, that is, of making 
this measurement with the same accuracy and facility as now 
obtain in making horizontal candle-power measurements. Prof. 
Matthews shows us a practical way of obtaining the spherical 
measurement, and it is for this reason that his integrating 
photometer appeals to me most strongly. 

My friend, Dr. Nichols, has long urged that the mean spherical 
candle-power unit is the only rational basis for rating incandes- 
cent lamps. Curiously, there has been great opposition to the 
adoption of this rating. At the meeting at Great Barrington, a 
distinguished representative of one of our leading electric light 
companies, took the ground that such a rating would be inex- 
pedient for the reason that the people had been educated up toa 
16 candle-power standard and that the lighting company would 
suffer if the lamps were sold on the basis of their mean spherical 
candle-power, which is really only about 138 c.p. 

In this connection, I am reminded of our early experience in 
enclosed arc lighting. When the enclosed arc lamp first came 
out it was said that lamps of this type couldn’t compete with 
open arcs because the maximum candle-power of the former was 
only about half that of the latter, for lamps consuming the same 
amount of energy. People had been educated up to the 2,000 
c.p. standard of the open arc and it was contended that the lower 
rating of the enclosed arc would seriously handicap its introduc- 
tion. This contention, it is true, was not without some founda- 
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tion for it took a few years to convince the people that ‘the 
so-called 2,000 c.p. lamp was not giving them any more light 
than the 250 c.p. (mean spherical) lamp. 

Now, we have an analogous situation with regard to the 
incandescent lamp. It is contended that the introduction of the 
spherical rating will seriously handicap the lamp companies, 
because the so-called 16 c.p. lamp will be rated at only about 
13 c.p. But the spherical rating must come. It is the only 
true standard by which incandescent lamps can be properly 
compared, and.its adoption will surely benefit the lamp com- 
panies as well as the lamp users. 

Prof. Matthews has shown you how the instrument may be 
used for measuring the spherical reduction factor of the lamp, 
that is, the ratio of the mean spherical candle-power to the mean 
horizontal candle-power. This measurement is of considerable 
importance. I may say that some of the large lighting com- 
panies now specify in their contracts with the lamp manufactur- 
ing companies, that the reduction factor of the lamps supplied, 
* must fall within certain narrow and specified limits. The direct 
measurement of this reduction factor has heretofore been 
impossible, but Prof. Matthews, as you have seen, has solved the 
problem in a very simple way. 

It is quite as possible and practicable to rate a lamp according 
to its flux as according to its horizontal candle-power, and as 
Prof. Matthews has pointed out, the scale of his photometer 
may be calibrated either in lumens or in spherical c.p., so that 
the direct measurement of the total flux may be made with as 
great accuracy and celerity at the measurement of the horizontal 
op, 

In ordinary measurements, as you know, it is necessary to 
slide the photometer carriage along the bar to obtain a setting. 
In the instrument we have before us, the photometer disc is fixed. 
Those who have had experience in making photometric measure- 
‘ ments will appreciate the value of this improvement. 

It also occurs to me that for making candle-power measure- 
ments of the Nernst lamp, in which case it is particularly import- 
ant to measure the mean hemispherical intensity below the hori- 
zontal, an instrument of this kind will be very serviceable. 

From a scientific point of view, the ingenious method by 
which Prof. Matthews has solved the question of the inequalities 
in the cosine law, is of extreme interest. Kennelly has also 
grappled with this very problem, and has attempted to solve the 
question by another method. The results of his efforts are 
quite well known. Prof. Matthews, however, attacks the | 
subject from an entirely new and original standpoint. By a- 
simple radial adjustment of the mirrors, he corrects not only for 
error in the cosine law, but also at the same time, for any 
difference in the coefficient of reflection of the mirrors. What is 
particularly interesting to me, as one who will be apt to use the 
mstrument conimercially, is the fact that the mirrors being once 
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set, need no further adjustment. For the solution of these 
various gestions, I think Prof. Matthews deserves great credit. 

Mr. W. S. HowELLt:—The Lamp Testing Bureau some months 

ago tested one of Dr. Matthews’ photometers, and found that its 
results checked very closely against results obtained by standard 
methods, so closely indeed, that we are now building one. We 
intend to use it for spherical measurements. 
_ Mr. F. S. Smita:—Personally, I have been very much inter- 
ested in Prof. Matthews’ instrument, and I think that lamp 
makers are as much indebted to him as lamp users. I think 
that everyone who has gone into the matter at all, has appreciated 
that the existing methods of measuring incandescent lamps have 
been very unsatisfactory, and that the rating, in line with those 
measurements, has not been such as could be adapted to the 
various types. There was a paper here some little time ago 
which brought out that question very forcibly, and Prof. 
Matthew’s instrument certainly reduces to a very simple matter, 
the question of the proper determination of the real value of a 
lamp. 

THE PRESIDENT:—We have with us this everiing, a gentleman 
who is the Physicist of the National Bureau of Standards, and 
is now a member of our Standardization Committee. He is 
here to-day to meet with that Committee—Dr. Rosa. 

Dp. Epwarp B. Rosa:—Mr. President, I cannot speak 
authoritatively on the subject of photometry. I can say, how- 
ever, that I have listened with great pleasure to the papers that 
have been given; to the description of this very ingenious and 
practical photometer and to the account of the very satisfactory 
accuracy which has been attained in the Lamp Testing Bureau 
in their photometric work. I hope it will not be long before the 
Bureau of Standards will be able to contribute something to the 
subject of photometry. As soon as the new buildings of the 
Bureau are completed and equipped, work on that line will, I 
hope, be pushed with commendable energy, but at present, equip- 
ment is very moderate. We shall hope in the very near future, as 
I say, to take up photometry, and to be able to supply photo- 
metric standards wherever they are required. 

THE PRESIDENT:—The subject is open for discussion, gentle- 
men. We will be glad to hear from any others... Mr. Rice. 

Mr. Carvin W. Rice:—Mr. President, I take considerable 
pleasure in congratulating Prof. Matthews to-night. I think it 
is three years ago that I visited him in his laboratory to see the 
apparatus on which he was then working. There is no doubt 
of the satisfaction he had in showing me what he had then, and 
I think it must be the greatest satisfaction to him to be here 
to-night with the perfected device. I am not sure, but I think 
he was hoping to present this last June at Great Barrington, and 
was disappointed. Am I right? And therefore it is the added 
plea: uve cf finally succeeding. The remarks that Prof. Nichols 
made to-night are very interesting. I have a written com- 
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munication from Mr. A. J. Wurts—and, if possible, I would like 
to have the Secretary give him credit for the communication— 
suggesting the Room Photometer. In substance, it was just as 
Prof. Nichols outlined, as a practical commerciai photometer for 
comparing illumination. If I might interject a request to every 
gentleman who will give remarks to-night, speaking as a member 
of the National Electric Light Association Committee on 
Standards, it will be a great help to the art if some one would 
suggest a satisfactory primary standard, something more per- 
manent, something more definite, if I am correct in using that 
expression. We are still in need of an acceptable universal 
standard, and if anyone could suggest an acceptable universal 
standard that could be reproduced, I think it would be a 
great help to the art, and I hope that some one to-night in his 
remarks, would suggest something for the physicist to employ 
and develop. 

THE PresipENT:—While Prof. Matthews was speaking, I 
recalled the very pleasant hour that I spent with him in his 
laboratory several years ago, and I was struck then with the 
thoroughness with which he entered into this work, and his 
paper this evening has shown how fully this work has been car- 
ried out, and how every detail seemingly has been elaborated so 
that he has a very complete instrument. 

I notice Mr. W. J. Hammer. Mr. Hammer has given general 
attention to this subject. 

Mr. Wiritam J. HamMMER:—I am afraid I cannot contribute 
very much to this subject, Mr. President. I think the suggestion 
that Dr. Nichols made, and which Mr. Burnett, Mr. Upton and 
others echoed regarding what the public wants in the way of 
illumination in any given area is an exceedingly important one, 
and an idea occurred to me which may not be a practicable one 
now, but which a little later Cornell University or the Bureau in 
Washington might be able to carry out, 7. e., that in such a room 
as Prof. Sharp arranged at Cornell, the illumination might be 
studied by placing selenium cells around the room. We know 
that all parts of a room have been studied in connection with 
ventilation and heating problems by placing thermometers in 
all parts of the room and subsequently plotting the curve show- 
ing the circulation of air and variation in temperature. 

While I am somewhat familiar with the character of that 
remarkable substance ‘‘ selenium,’”’ and the manner in which it 
varies its resistance when exposed to a varying amount of light 
and also the difficulty often experienced in getting the same 
results twice from the same selenium cell, and of making it so 
that it would remain constant, still I believe that we shall ulti- 
mately be able by means of such selenium cells to study and plot 
out curves showing the varying degrees of luminosity in all parts 
of a room. 

I had the pleasure during my recent trip abroad of seeing some 
very interesting work which had been done by Mr. Ernest 
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Ruhmer and his father in making the selenium celi much more 
constant and reliable, and I was very much impressed with the 
future possibilities of it, after witnessing the very interesting 
demonstrations made at the Ruhmer laboratory in Berlin. 

THE PRESIDENT :—Are there others who desire to take part in 
the discussion? 

Mr. Marxks:—I understand that Dr. Stratton, of the National 
Bureau of Standards, is present. 

Dr. StRaTton:—I can do no more than say what others 
have said, that I am very much interested in the papers of 
the evening, especially that of Dr. Matthews upon his new 
photometer. As to the work of the National Bureau of Stand- 
ards, Dr. Rosa has stated our position very well. We hope to 
be in a position to help you in the very near future and to report 
actual progress rather than plans. It has given me great 
pleasure to meet with you this evening. 

THE PREsIDENT:—I will now call upon the readers of papers 
for any further remarks they may have and name them in 
reverse order—Dr. Sharp. 

Dr. SuHarp:—Mr. President, I wish to speak on just one point, 
that is, with reference to the suggestion of Mr. Rice about 
standards. I think it wouldybe very desirable indeed to have a 
better standard, and I would like if Mr. Rice would state 
specifically what objection he-has to the incandescent lamp as a 
secondary standard of light. Those who have used incandescent 
lamps in that way, and their name is legion, have found them 
very satisfactory, I think, for most purposes of photometry; 
and it would be hard to imagine anything which will more 
perfectly fulfill the requirements of a source of light, repro- 
ducible anywhere and constant if properly used for a limited 
amount of use, than the incandescent lamp. I hardly think 
that it is a fair thing—I-don’t know that Mr. Rice intended to 
do anything of the kind—to cast aspersions on the incandescent 
lamp as a standard, without finding fault with it in a specific 
manner. 

Mr. Rice:—I would like to remark that I referred to the 
primary standards of candle power and not to the secondary 
standards. 

Mr. MarsHaty:—Mr. President, I have nothing further to 
add: It is often said that imitation is the sincerest flattery, 
and I wish to state that this photometer of Dr. Matthews, has 
been brought to the attention of the lamp works at Harrison, 
and that we have thought so favorably of it, that we have ob- 
tained permission from Prof. Matthews to build such a photo- 
meter, and that we are now building one. 

THE PRESIDENT:—You intimated in your paper that it was 
not necessary to get such permission. 

Mr. BurNETT:—I am very glad to know that Dr. Nichols has 
undertaken to investigate these questions at Cornell and I was 
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surprised that we had not heard from him along that line before 
now. 

The Weber photometer, which he is using, is a thoroughly 
developed instrument, but its objection is that it chokes off the 
light which impinges upon the surface, the lighting of which is to 
be measured, and adjusts it so as to bring it down to the lighting 
from a standard lamp on a surface at a fixed distance. The same 
difficulty, if it can properly be called a difficulty, exists with 
the Houston and Kennelly luminometer. In that instrument 
‘the light falls upon a surface of glass, is transmitted through it 
and is then choked off in a similar way so as to give an illumina- 
tion equivalent to that of a small standard lamp at a fixed 
distance. 

The object of such an instrument should be not in any way to 
vary the light which has fallen upon the surface, but to compare 
our standards with the light and thus get a direct measurement 
or comparison. I think I can say, w::hout any show of egotism, 
but purely in the way of reference, that the instrument which I 
have suggested involves the desirable feature of Prof. Matthews’ 
instrument, that the position of the photometer surfaces by 
which the lights are compared is not varied and does not require 
any adjustment of the position of one’s head in taking the 
measurement. 

THE PRESIDENT:—I think I may state in a word a résumé of 
the remarks which have been made upon Prof. Matthews’ paper 
—that he has given us something of exceptional interest and 
value, his results show careful scientific work, and the embodi- 
ment of this work in an instrument which is of practical utility. 
It is well worked out. He has given us something which is 
valuable and useful, an advance is made in the art of measure- 
ment, and he has also given us an account of his work which is 
also of particular interest, as it shows an evolution. It is an 
instance of interesting personal work which has had a very happy 
outcome in successful results. Prof. Matthews. ° 

Pror. Matruews:—I do not think ,Mr. President, that I have 
much more to say. I wish to express my hearty appreciation of 
Dr. Sharp’s paper, because I think that photometry and photo- 
metric measurements have long been under a cloud. ‘This is 
partly due to the fact that anybody thinks he can make photo- 
metric measurements, if he cannot do anything else—an 
opinion which is not true. The basis of photometry is a very 
simple thing, but the practice of it takes skill and experience, ‘and 
therefore I was very glad to have brought up here some discus- 
sion which shows what can be done in good commercial photo- 
metry. 

Of the many kind remarks that have been made regarding my 
own work, I wish to express my appreciation. I have put a 
good many years of work on photometric subjects. I think 
perhaps the remarks this evening will be inclined to increase the 
mean spherical radius of my head, if I am at all susceptible. 
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However, I thank you very much for the kind reception you 
have given me. 
On motion, the meeting adjourned at 10.45 Pp. m. 


[COMMUNICATED AFTER ADJOURNMENT By Epwarp P. THomp- 
son.] 

Having followed the invention underlying Prof. Matthews’ 
new photometer, through the United States and foreign Patent 
Offices, and having been unable to attend the meeting, I take 
pleasure in adding my commendation of the valuable experi- 
mental and practical work obtained by the author of the paper. 
It may not be amiss to add something about the actual novelty 
of the device considered as an invention. This may best be 
accomplished by quoting one of the claims granted by the 
United States Patent Office as an award for his ingenuity. 

“In an apparatus for measuring candle power, the combina- 
tion with the support for the light to be tested, of a photometer 
screen, and mirrors so fixed as to illuminate said screen propor- 
tionally to the mean spherical candle power of said light, said 
mirrors remaining stationary during the operation of measuring 
the light.” 

This is one of the twenty-three claims granted by the Patent 
Office. It serves to show that Prof. Matthews has originated a 
new type of photometer, and the members will no doubt greatly 
appreciate his services in providing an instrument which will so 
readily save time and tedious calculation. 

I have also examined complete drawings of Mr. Burnett’s 
photometer for measuring illumination in terms of the number of 
luxes instead of in terms of distance. The device as practially 
carried out is exceedingly simple, and without movable parts. 
There is nothing to get out of order. 


CRITICISM ON THE MEAN SPHERICAL CANDLE POWER 
AS A STANDARD FOR ILLUMINATION. 


[CoMMUNICATED AFTER Discussion By ALEXANDER J. Wurts.] 


The mean spherical candle power is unquestionably the present 
‘accepted standard of light, but in reviewing a subject of this kind, 
it often is instructive to consider whether we may not be some- 
what biased by a practice, rule or standard which has ceased to 
be either useful or practical. The question arises as to whether 
we wish to continue this standard as our guide. Does the 
so-called standard meet with our approval? Does the mean 
spherical candle power, as a standard, measure that which we 
desire to have measured? In the opinion of the writer, it fails 
to do so and it would seem that something which more nearly 
meets our present needs should be devised. 

In years gone by, when the incandescent lamp was practically 
the only electric lamp in commercial use, and later, even after 
the arc lamp had been introduced, the photometric determination 
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of candle power served a purpose and gave a nominal rating to 
these lamps, but the great difference in candle power between the 
arc and incandescent was such that comparison between them 
on a basis of mean spherical candle power was of small conse- 
quence. With the advent, however, of new illuminants, the 
question of fair comparison becomes at once a matter of con- 
siderable practical importance. 

In the laboratory, the photometer has proved itself a valuable 
guide in determining the relative life and efficiency of illuminants 


under varying conditions. If there were only one kind of ~ 


_ illuminant to be considered, then units differing slightly: in 
candle power could be easily and satisfactorily compared with 
this instrument, either by direct measurement or by the mean 
spherical candle power method; but with illuminants differing 
widely in candle power, quality and dictribution of light, neither 
the direct measurement on the photometer nor the mean 
spherical candle measurement offer a fair basis of comparison, 
because two lights having the same mean spherical candle power 
might differ widely in quality and distribution of light or effective 
illuminating power. For example, let us consider two lights 
exactly the same in every respect except that one throws all 
its light upward, whereas the other throws it all downward. 
Both have the same mean spherical candle power, but obviously 
not the same effective illuminating power for a given purpose. 
Take for further illustration the various well-known electric 
lights—the incandescent, the arc, the Nernst, the Hewitt and 
the Bremer. These all differ widely in both quality and effective 
illuminating powers for a given set of conditions, and as above 
shown, cannot be consistently compared by the standard of 
mean spherical candle power. 

It follows logically and as a matter of fact that a user of light 
never, it may be said, inquires about the mean spherical candle 
power of an illuminant; the only use he makes of a photometer 
is to test with it some guarantee of candle power which may 
have been furnished with his lamps. The practical user in 
negotiating for this or that illuminant is more interested in the 
effective illuminating power of the lamp in question than he is 
in the mean spherical candle power, and by effective illumination 
is meant that amount of light which is reflected to the eye from 
the objects it is desired to see. The total light flux is of no 
consequence to the dry goods man or his customers, to the hotel 
keeper or his guests, except in as far as upward or horizontal 
rays may be reflected from ceiling and walls. Interest centers 
rather in (1) the quality of the light; (2) the effective illuminat- 
ing power; and (3) cost of maintaining the illumination. If this 
last statement be correct, may not the comparison of various 
illuminants as to the three points involved be more practically 
and satisfactorily determined in some other way than by the 
mean spherical candle power method; that is, by a method 
which does not place on an equal footing a sphere of soft white 
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light and a search light, assuming that both have the same mean 
spherical candle power. 

Having thus criticised the mean spherical candle power 
method of comparing lights, your attention is called to a rather 
old photometer or means for comparing different illuminants 
which seems to be worthy of more attention than it has yet 
received and one which also seems to be capable of considerable 
development. The photometer in mind provides a means for 
comparing the effective illuminating powers of various illumin- 
ants and involves every characteristic, advantage and disad- 
vantage which may be found in any particular class of ilumin- 
ants. This method has been used from time to time in a crude 
way, by placing different kinds of illuminants in the same room 
and noting the illumination, but could not this idea be carried 
out on'a more practical and elaborate scale by providing two 
rooms exactly alike in every respect, that is, in dimensions, color 
and furniture, and then by locating standardized units of light, 
such as 16 c.p. incandescent lamps, in one room, comparing the 
effective illuminating power of these lamps as a standard with the 
effective illuminating power of any other lamp or lamps ar- 
ranged in the other room in any manner whatsoever which will 
produce the best results—namely, the most effective illumination 
with the particular kind of lamp. For example, suppose it be de- 
sired to illuminate a dry goods store, the chief points to be consid- 
ered being the illumination of goods on the counters and on the 
shelves back of the counters, also boxes and their labels above 
the shelves to a height of eight feet above the floor. Question: 
For a given expenditure of energy, can this illumination be ob- » 
tained more effectively with this or with that lamp. In making 
such comparison of effective illumination, it would seem proper 
not to make any restrictions whatever as to the position or dis- 
tribution of the units. Both the lamps to be used as standard 
and the lamps to be compared with the standard should be 
located and distributed to the best possible advantage with 
reference to effective illumination. 

With the two-room photometer above described, it would be a 
simple matter for the observer to place himself in a position com- 
manding a good view of the two rooms for purposes of compari- 
son. The illumination of the standard room might be easily 
varied by using a considerable number of small units and the 
wattmeter readings would cf course give the relative efficiencies 
for equal effective illuminating power. Comparisons of this 
kind have been made by the writer, not, however, in such an 
elaborate manner as above described, but if the various illum- 
inants now in the field could be thus authoritatively compared 
with reference to effective illuminating power and the results 
tabulated and given to the public, users of artificial light would 
have before them a reasonable and practicable means of deter- 
mining the best illuminant for a given set of conditions. 
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PittspurG BrancH, Meretinc NovemBer 10, 1902. 


The meeting was called to order by Mr. P. M: Lincoln, Chair- 
man of the Temporary Committee, who read the committee’s 
report. This report advised the election of a committee con- 
sisting of a Chairman, a Secretary and three other members, to 
have charge of the preparation of programs, calling of meetings, 
etc. 

The report was adopted, and the following Permanent Com- 
mittee was elected: Mr. P. M. Lincoln, Chairman; Mr. J. S. 
Peck, Secretary; Mr. H. W. Fisher; Prof. S. M. Kintner; Mr. C. 
W. Rice. 

Prof. Kintner read a paper, giving a resumé of the papers 
presented at the New York meeting of the A. I. E. E. 

Mr. C. F. Scott gave a resumé of the discussion at the New 
York meeting; also an extremely interesting description of the 
John Fritz dinner given in New York on November 7th, as wel! 
as a brief account of the work of Mr. Fritz and of the founding 
of the John Fritz medal. 

Mr. A. J. Wurts gave a talk on illumination in general, with 
particular reference to the Nernst lamp. Attention was called 
to the fact that no illuminant has ever been discarded; candles, 
vil-lamps, gas and incandescent lamps are all in extensive use. 
The custom of rating lamps according to mean spherical candle 
power instead of by effective illumination was severely criticized. 
The great flexibility in the size of the Nernst lamp was pointed 
out. It was predicted that the Nernst lamp will have a great 
influence on street lighting as well as on interior illumination. 
Mr. Wurts then read a copy of the communication sent by 
him to the New York meeting. 

Mr. R. H. Henderson gave a description of the Bremer flame 
arc lamp. Attention was called to the fact that the arc lamp 
was the earliest form of the electric lamp, and that a great 
amount of experimental work has been done on methods for 
holding carbons in proper position. The Rremer lamp is strictly 
a German invention, and no American improvements have 
been made uponit. The carbons are manufactured according 
to a secret process, and only in Germany. The most strik- 
ing features of the Bremer lamp are the composition of the 
carbons, their position in the lamp, and the fact that the arc is 
drawn out fan-shaped by means of a magnet placed around the 
arc.. When the carbons are heated, mineral vapors are given off, ° 
which become luminous, and give the arc the peculiar flaming 
appearance as well as its yellow color. The two carbons are 
nearly parallel, converging at an angle of about 20°. The arc 
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is started by means of a starting device, which short circuits the 
ends of the two carbons. The arc is prevented from traveling 
up between the carbons by means of the magnets which surround 
the carbon points and hold the arc in position, as well as spreading 
it out fanshaped. Tests have shown the Bremer lamp to be over 
three times as economical as the ordinary arc lamp. 

Lamps were exhibited and explained in detail. 

Dr. von Reckinghausen read the accompanying dis- 
cription of the Cooper-Hewitt lamp. Several lamps were 
shown in operation, and were frequently referred to by the 
speaker. z é 

Mr. P. M. Lincoin then talked for a few minutes on the acety- 
lene gaslamp. Attention was called to the fact that although 
the acetylene light is not an electric light, it is an indirect pro- 
duction of electricity, inasmuch as the electric furnace is the 
only method yet devised for producing calcium carbide from 
which the acetylene gas is made. The cost of producing acety- 
lene gas was briefly discussed. The values given are approxi- 
mately as follows: 1 kw. hour will produce 250 candle-power 
hours by incandescent lamp, 500 candle power by Nernst lamp, 
1,000 candle-power by arc lamp, 2,000 candle-power by Cooper- 
Hewitt lamp, and 110 candle-power by acetylene. In the 
production of calcium carbides, however, an electric plant 
may be operated at full load for 24 hours per day, while the 
ordinary lighting station does not ordinarily deliver more 
power than is equivalent to full load for two hours per day. 
A 25 candle-power acetylene lamp was exhibited, and it was 
stated that the cost of operating this lamp was not more than 
one cent per hour. 

The following discussion then took place: 

_ Q. Can the Cooper-Hewitt lamp be operated in any position? 

A. Yes; provided it is arranged for the position in which it isto 
operate. , e 

Q. What is the pressure in the Cooper-Hewitt lamp? 

A. 2mm.of mercury when operating. Almost absolute vacuum 
when cold. 

Q. What is the range in size of the Cooper-Hewitt lamp? 

A. The smallest size made up to the present time is approxi- 
mately 20 inches long, giving about 180 candle-power. The 
longest about 20 feet, giving approximately 3,000 candle-power. 
Mr. Edward Bennett called attention to the statement made by 
the President of the InstiTuTE at the New York meeting to the 
effect that ‘“ quality’ of light was of great importance and said 
that it could not be brought out too strongly. Mr. Bennett dis- 
cussed at some length the question of the different kinds of light, 
and the effect of their quality on the human eye. 

Mr. N. W. Storer expressed his sympathy for Mr. Wurts in 
his contention against mean spherical candle-power as a unit of 
measure, as he was conducting a similar campaign with refer- 
ence to the one-hour-horse-power rating of street car motors: 
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but as a horse power rating is demanded by the commercial 
conditions, so a candle-power rating would also be demanded. 

Mr. Wurts stated that the candle power rating does not fill the 
commercial want, as it is not a unit of measure of effective 
illumination. 

Mr. F. W. Jones stated that from large experience in lighting 
buildings he was convinced that mean spherical candle power 
rating was in no way satisfactory, but that effective illumination 
was the thing demanded. 

An animated discussion then took place between Messrs. 
Wurts, Kintner and Storer, with respect to the necessity of 
maintaining the candle power rating. 

Thirty InstiTuTE men and about 175 visitors were in attend- 
ance. 


THE Cooper-HEwitt Lamp.—CoNTRIBUTION BY Dr. M. von 
- RECKLINGHAUSEN, READ AT PITTSBURG MEETING. 


The artificial illuminants which we now use are all based 
on the principle of the inca.idescence of solid bodies due to high 
temperatures. In most illuminants this incandescent body is 
carbon. For instance, in the incandescent and the arc lamp. 
It is also carbon in the ordinary gas or kerosene flame. In the 
latter two the solid carbon is produced in a very fine state, 
through decomposition of the hydrocarbons at high tempera- 
ture. 

The Cooper-Hewitt lamp, which I have the pieasure of show- 
ing you to-night, is the first high candle power illuminant not 
based on an incandescent solid, but on an incandescent gas. 
This incandescence takes place under the influence of the elec- 
tric current. Many attempts have been made to produce light 
by means of the action of electric currents passing through 
gases or vapors, especially when the latter were under low ten- 
sion. I recall the Geissler tubes and the Moore vacuum tubes. 
With very few exceptions these methods. were based on electric 
currents of entirely different type from the kinds we use com- 
mercially. The earlier workers in this field rarely succeeded in 
getting high candle powers. None of them went so far as to 
introduce their illuminants into commercial use. 

The particular type of Cooper-Hewitt lamp I am showing you 
is the mercury vapor lamp. The mercury vapor is enclosed in 
glass tubes, and when the lamps are cold there is practically a 
vacuum in the tubes. When they are running normally the 
pressure is about 2 millimeters. The electrodes we use are 
mercury as negative and mercury or iron as positive. The 
connections of the electrodes are made of platinum wires 
sealed into the ends of the tubes. The lamps, as you see thea, 
are running on the ordinary p. c. street current of 120 volts 
and they consume about 3 amperes each. The voltage across 


the terminals is about 80, and the candle power is, as nearly as’ 


we can measure, 700. 
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You will see readily that this means an extremely high effi- 
ciency; as a matter of fact, we get about ten times the light 
from the same amount of energy that we get in incandescent 
lamps. Lamps of about the same type are in continual use in 
our factory, where they have beenfor several months, and show 
little or no depreciation. ! 

We have made lamps of other shapes and dimensions. We 
find that the voltage is proportional to the length under other- 
wise similar conditions. The main difference in conductivity 
between these lamps, and metallic conductors is that an in- 
crease of current within certain limits will not be accompanied 
by an increase of voltage. I suppose you have seen that there 
is acertain peculiarity about the way I started the lamps. When 
they are put right on the line voltage no current will pass 
through them. We have to make them conductors first. This - 
we do by means of a single discharge of very high voltage, upon 
the passage of which the lamp becomes a very good conductor, 
and a low pressure will permit heavy current to continue. If 
we put this type of lamp on an ordinary alternating current 
circuit, we have to start it at every alternation, which would 
praccically mean running it continually on the very high start- 
ing potential. To pass 2 amperes through the lamp we would 
have to use about 4,000 volts, while the lamp runs on D.C. at 
about 100 volts. The seat of reluctance to starting seems to 
be in the negative electrode, and this reluctance is overcome as 
described, though when starting the lamp we considerably in- 
crease the effect of the high potential kick, by using what we 
calla starting band; thatis, a metal strip outside the negative 
electrode, connected by a wire to the positive electrode. 

A peculiar phenomenon can be seen at the point where the 
the current leaves the negative electrode and goes over to the 
vapor. A very brilliant spot of light marks this space on the 
mercury surface and causes a certain amount of flickering near 
the negative electrode, Wecan prevent this by having a small 
wire projecting out from the surface of the mercury. To this 
wire the light spot will attach itself. Above this light spot for 
about an inch there is a fairly dark space in the tube, and then 
the light-giving column starts. There are also other very 
interesting phenomena noticeable near the negative electrode, 
especially under the influence of a magnetic field. One of the 
most striking features of the mercury vapor lamp, as you will 
notice, is the strange color and the strange way that things 
look within the range of the lamp. This color is peculiar to 
the kind of vapor. We have been making lamps with other 
gases than mercury, giving other colors; but as we had to take 
certain disadvantages in exchange, we preferred, for the time 
being, to stick to mercury vapor as our conducting gas. 

It is only natural that many people who see this lamp for the 
first time ask why we don’t use colored glass to get some red 
into the light. A simple look at the lamp through red glass, or 
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observation of the spectrum of the lamp, shows that we cannot 
get red rays from an illuminant that does not send out any. 
The result of using a red glass is to kill every part of a spectrum 
except red. It means, in our case, hiding the light entirely. 
Another way which one might propose to obviate the ghastly 
effect of the mercury light is to use red reflectors, but you will 
readily believe that this is just as hopeless as using red glass or 
globes. ‘There is stillone way, which we have tried, as you will 
see, with some success; that is, using a fluorescent screen, coated 
ina peculiar way, or else silk dyed inacertain way. The pecul- 
iar dye which we have used in these cases has the property of 
fluorescing red under the influence of the mercury light; that is, 
it transforms some of the wave lengths into red waves. Still, 
we think that without these artiflcial means of improving the 
color there is quite a large field for these lamps, especially where 
color is of no account. One very interesting feature of the 
Cooper-Hewitt lamp is its actinic power. Its effect on photo- 
graphic plates is extremely strong, and the lamp is on this ac- 
count useful in photographic studios, and especially for printing 
purposes. We have been taking photographs with the Cooper- 
Hewitt light with about 1-30th the exposure that is required 
with an arc light consuming the same amount of current. 

I would also mention one more extremely important fact. 
We find that the Cooper-Hewitt light is far less tiring to the 
eyes than any other kind of illuminant. Thisis not only our own 
experience, but it is also confirmed by our mechanics and 
draughtsmen and other people who have been using it continu- 
ously for some time. 

Evervone knows what a great strain on the eyes is draughting 
and other delicate work in artificial light. It seems that we have 
found in the Cooper-Hewitt lamp an illuminant which will do 
away with these troubles. 


A paper. read at the 170th Meeting of the 
American Institute of Electrical Engineers, 
New York, November 2t, 1602. 
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VARIABLE SPEED MOTOR CONTROL. 


INTRODUCTION BY PRESIDENT SCOTT. 

The applications of electricity lead to the revolution of old 
methods, as well as to the evolution of new ones. Electrical 
apparatus not only replaces that which it supersedes and _per- 
forms the work more efficiently, but it also broadens the field and 
leads to developments which were impossible by former methods. 
For example, the electric light does not simply replace indoor 
lamps and flickering street lights, but it has revolutionized the 
whole art and practice of illumination. The first railway motors 
were made to have a little greater power than the horses or mules 
which they replaced, but electric cars have increased in size and 
in speed, they have extended out from the city to the suburbs, 
they connect adjacent towns, and in a dozen years great systems 
have developed which have little in common with the horse cars. 
The electric crane has been the prime factor in modernizing the 
methods of manufacturing where heavy work is to be turned cut. 
The electric distribution of power to the machines in a factory not 
only accomplishes more effectively the service which other 
systems of power distribution had accomplished, but it is capable 
of other things as well. Because volts and amperes are more 
easily measured than speed and torque, the power consumpticn 
of tools may now be definitely known. Theelectric motor affords 
an effective means of securing speed variation. 

The revolution of old methods and the evolution of new ones 
are both taking place in the machine shop through the applica- 
tion of the electric motor to the driving of tools. Plenty of power 
effectively applied with a speed control which is wide and 
flexible, together with new kinds of cutting tools and heavier 
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machines in which to use them, make possible an increase of 
output which seems almost incredible. 

In a sense, speed variation is a purely mechanical matter. The 
two factors which determine mechanical work are speed and 
torque. The relations between speed and torque may be varied 
in definite ratios by means of belts and pulleys or by gearing. 
There is, however, no general mechanical solution of the mechani- 
cal problem of speed variation, or variable speed control. There 
are devices by which either of several fixed ratios may be selected; 
for example, common cone pulleys which allow the shifting of a 
belt from one pair of pulleys to another having different diam- 
eters, or the counterpart of this, several sets of gears, either one of 
which may be selected at will. There are indeed a number of 
mechanical variable speed devices by which the speed ratio may 
be changed by very smallincrements. Many of these devices are 
quite successful over a certain limited range of speed variation 
or of power capacity. In general, those which are satisfactory 
over a fairly wide range are limited in the amount of power which 
they can transmit. 

On the other hand, speed variation by the electric motor can be 
so successfully effected that it is quite common to think that the 
whole problem of speed control should properly be turned over 
to the electrical engineer. It is regarded as a matter of course 
that all mechanical means for accomplishing the result are to be 
discarded if possible, and the difficulties which the mechanical 
engineer has failed to. overcome in the purely mechanical prob- 
lem of varying the ratio between speed and torque are to be im- 
posed upon the electric motor. 

It is reasonable to presume that the solution of a problem 
which has proved so difficult mechanically may involve elec- 
trical difficulties as well. Although electrical apparatus may be 
provided which will accomplish the desired purpose, yet this 
may be at the expense of added complication, additional appar- 
atus, or increased cost. It is not proper, therefore, to decide 
a priori that because speed variation can be effected by an 
electric motor that the variable speed motor should always be 
used regardless of conditions, specific requirements and cost. 

Electric motors for continuous current may be divided into 
two types, represented by the series motor in which the speed 
varies when the load changes, and the shunt motor which in | 
general has a speed which is constant with different loc ds, 
The series motor is particularly adapted for railway service, 
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crane service and the like. The shunt or constant speed motor 
may operate at the same speed at all times, or the speed may be 
changed at the will of the operator, and the motor will then run 
at a desired speed independent of the load. The speed of the 
motor depends upon the number of turns in series in its arma- 
ture, the strength of its field and the e.m.f. applied to its arma- 
ture. In practice, speed changes are produced by one of these 
three methods, or by combinations of them. When the shunt 
motor is arranged to run at different speeds over a considerable 
range, it will usually be found that the generating plant and the 
supply circuits are of special type, or the controlling devices 
are of complicated form, or the motor is of greater weight and 
cost than it would be if it operated at one speed only. There- 
fore, a constant speed direct current shunt motor isto be preferred 
per se to a variable speed motor. 

The alternating current induction motor like the shunt motor 
is inherently adapted for constant speed service. It may be 
used also for variable speed work with characteristics analogous 
to those obtained with the rheostatic control of a shunt motor 
with unvaried field. It may also be wound so that either of 
several numbers of poles may be used, thereby securing either of 
several definite speeds, which are sensibly constant with varying 
load. Just as a shunt motor may be operated at different speeds 
from generators giving different voltages, so the induction motor 
may be operated at different speeds from generators giving 
different freyuencies. The single speed induction motor is, 
however, the type usually used. 

In selecting the apparatus for a new plant it is proper to con- 
sider the problem as a whole, to take a general view before concen- 
trating attention upon specific parts. What proportion of the 
power is to be supplied at constant speed? What proportion of 
the variable speed work cannot be served satisfactorily from a 
constant speed drive with variable pulley ratios or variable gear 
ratios? What proportion of the work which requires delicate 
speed adjustment falls within the range of simple and satis- 
factory mechanical speed changing devices? What advantage 
in lessened cost of equipment will be secured by group driving, 
by furnishing a single large motor for delivering the average 
power required by a number of machines instead of a large num- 
ber of small motors each for delivering the maximum power of 
the machine to which it is connected? What advantage will 
there be under the particular surroundings of the installation in 
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reducing the complication and the amount of auxiliary apparatus 
and putting in motors of the simplest possible type? Taking 
the plant as a whole, what are the general advantages of one type 
of apparatus over another, and does the general balance sheet 
show that the advantages of individual speed control by means 
of the motors themselves are of sufficient moment to dictate the 
scheme and plan for the whole installation? The varying 
answers which will be given to these questions in different cases 
will necessitate different solutions to the problem of selecting the 
best system. 

We are fortunate, this evening, in having presented to us 
several methods of speed control of continuous current motors. 
These methods are not theoretical and untried; they have the 
prestige of being methods which are in actual commercial opera- 
tion, and of having been selected by manufacturing companies as 
being well adapted for general service. Although speed control 
can be effected so admirably by the electric motor, it is fitting 
that we should not go too far and apply the variable speed motor 
indiscriminately. The various methods of control which we are 
to consider this evening must be taken as specific ways by which 
certain ends can be accomplished; and it must be recognized at 
the same time that there is the larger problem to be determined 
in connection with each proposed installation; viz., whether cn 
the whole speed variation by the motor itself should be chosen. — 
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A paper read at the 170th Meeting of the 
American Institute of Electrical Engineers. 
New York, Nov. 21, 1902. 


THE OPERATION OF MACHINE SHOPS BY INDIVIDUAL 
ELECTRIC MOTORS. 


Bese Bea @ Ze ie 


Data concerning the load factor and opera- 
tion of machine shops, and a description of 
the advantages derived from the use of 
individual electric motors. Illustrated. 


The individually-applied motor is now accepted as an estab- 
lished feature of every well equipped machine shop. The period 
of careful investigation, followed by that of cautious probation, 
is passed, and this type of power application has now 
been in practical service sufficiently long to provide data that 


_can be studied with profit. These data enable one to make more 


accurate deductions than were possible in the past, and enable 
those unfamiliar with the art to undertake its application with 
greater certainty of desired results. 

From the data that have been collected on power trans- 
mission inindustrial shops, much of which is to be found in the 
transactions of the various engineering societies and in the 
magazines, it appears that if a certain maximum horse-power 
is required by all the tools of a shop, say 100 h.p., it will require 
at least 100 h.p. additional to transmit this effective power by belts 
and shafting. This loss of 100 h.p. remains constant whether 
the effective horse power is reduced or not. This means 
that 200 h.p. must be generated. Should these same tools be 
driven by individual motors, instead of 100 h.p. being required 
for transmission only 43 h.p. is required, even if every tool is run- 
ning; but it is found that in the average industrial shop every 
tool is not running at the same time, some being shut down and 
others operating on lower than maximum speeds, thus requiring 
less horse-power. It has been determined practically that 
in the ordinary manufacturing establishment the mean 
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effective power is but 30 per cent. of the aggregate efiec- 
tive power which is required when all the tools are running © 
at maximum load. This percentage is termed the load factor. 
In the case of belt-drive there is, then, 100 h.p. assumed loss 
for 100 h.p. effective load; that is, an efficiency of 50 per cent. 
Applying the load factor as above, it is found that there is but 
30 mean h.p. to use and that it requires 100 h.p. to transmit it, 
thus giving the real efficiency as only 23 per cent. With the 
individual motor drive the loss varies with the load. Taking 
the same load factor, and assuming 30 per cent. as representing 
the loss incurred by the 30 h.p. effective load, there is but 13 h.p. 
loss against 100 h.p. with the belt drive. Thus, with individual 
drive, there is generated 43 h.p., of which 30 is effective, giving 
an efficiency of 70 per cent. against 23 per cent. by the shaft 
and belt method. 

In a paper read by the author before the New York Electrical 
Society in N ovember, 1901, it was shown that, assuming steam 
power to cost $36 per horse-power per year (or 3,000 hours), with 
the shaft and belt system the power would amount to two per cent. 
of the cost of the establishment's product. With sub-divided 
motors it would be one per cent., and with individually driven 
motors it would be something less than 4/10 of one per cent. 
of the cost of the product; so that, assuming a plant with an 
output of $1,000,000 a year, the following statement results: 


Method of Drive. | Cost of Power. | Yearly Saving. 
Belts and shafting.... $17,000.00 
Sub-divided motors .. 8,500.00 | $8,500.00 
Individual motors. ... 4,000.00 | 13,000.00 


It appears from such information as the author has been able 
to obtain since that time, that the above figures are correct. 
These data relate to the average machine shop, and not to 
establishments run under conditions peculiar to their line of 
work, and which must be put in a class by themselves, the law 
of averages being applied to their peculiar conditions. 

Assume that in the average machine shop 60 per cent. of the 
motors installed are to have variable speeds. These variable 
speed motors will have a rated capacity considerably higher 
than the average amount of power they will be called upon to 
supply. Assume that the rated capacity of the other 40 per cent. 
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represents the exact amount of power that they will consume— 
and this assumption is justified because their speed is not varied. 
Of the sum of the total rated capacity of the variabie speed 
motors and that of, the constant speed motors, 35 per cent. fairly 
represents the mean power that all of these motors will be re- 
quired to furnish, if they are.all running atthesametime. This 
mean power, of course, varies with that percentage which the 
variable speed motors bear to the total installation. If the load 
factor of 30 per cent.. be now applied—which provides for the 
shut down of tools and reduction in the power due to slow speed— 
it is found that the average power that must be provided by the 
generating plant is but 10.5 per cent., of the aggregate rated 
capacity of the individual motors installed. While it is true 
that 60 per cent. of the motors have a much larger rated capacity 
than is actually required, still this very small amount of power 
required is an evidence of the remarkable efficiency of the indi- 
vidual drive system. It cannot be assumed that this 10.5 per cent. 
is the capacity of the generating plant required, because provision 
must be made for maximum conditions, and inasmuch as that per- 
centage represents but a mean condition. However, the system 
is so efficient that ample margins of say 100 or 200 per cent. can 
be applied, which may also provide for “’stand by ”’ purposes. 
And yet the purchaser who applies this individual motor system 
comes well within that power plant which he would otherwise 
have to supply to meet the mean conditions of a belted plant, 
without providing any ‘“‘spares’’ for the latter. The author feels 
that if it were not for the empirical data presented time would 
be wasted in stating an already well accepted fact; 2. e., that 
the individual motor drive is highly efficient, and many times 
more so than the old system of belt transmission, or its modifi- 
cation of belted motors in groups. It is not claimed that the 
latter itself has not a sphere of usefulness and that a large one, the 
foregoing being merely a comparison of the relative economy of 
these different systems. 

It would not be possible to use the individual motor, if 
means were not available for successfully varying its speed. 
To control the speed of a motor it is necessary to apply to the 
armature terminals a voltage corresponding to the speed desired. 
This can be accomplished in several ways: . 

The Rheostatic Method.—In this case the current is generated 
at any ordinary source of supply at a fixed voltage. Before 
reaching the motor, it is passed through a resistance which 


118 LOZIER: INDIVIDUAL MOTOR DRIVE. [Nov. 21, 


is adjusted to consume just so much of the voltage as will 
reduce the speed of the motor to the point desired. This method 
has three limitations, viz.: (a), that if the load put upon the 
motor varies, the proportion sf the voltage consumed in the 
theostatis altered, and this changes the speed of the motor, which 
may not be desirable; (b), the system is inefficient, because 
that percentage of the voltage which is consumed by the rheostat 
represents a dead loss; and (c), the dimensions of the rheostat 
necessary to dissipate the energy may reach an inconvenient size. 
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Within its limitations, however, the rheostat system of control 
can be made very useful. Fig. 1 is a diagrammatic representation 
of this system. It-will be seen that the motor cannot be reduced 
from its normal speed more than 50 per cent., because below that 
point the fluctuations in speed, due to variations in torque, are 
too great. 

Multi-Voltage Method.—This method consists essentially in 
supplying the motor with as many different voltages as are 
necessary to cover the desired range of speed. In its simplest 
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form this method consists of generators, each adjusted for 
different potentials This, however, is not necessary, because 
it has been found that where several motors are involved 
they will balance up against each other in such a way as to 
divide amongst themselves the full voltage, so as to give the 
respective desired speeds It is, therefore, only necessary to 
supply the main generating plant with a small balancer to take 
up any differences that there may be. By dividing the voltage 
at three points, there are six possible combinations which success- 
fully cover the full range of speed as far as general requirements 
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are concerned. The advantages of this system are: (a) that any 
one of the lower steps can be maintained constantly and quite in- 
dependent of variations in the torque or load upon the motor— 
this is absolutely essential to successful tool operation; (bd), 
that the system is highly efficient; (c), that appliances to 
control it are of very small dimensions and convenient to oper- 
ate (see Figs. 2 and 3). 

Special Methods.—In this class are to be found various methods 
which have been devised to meet the special requirements of 
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some one power application. Among these is the teaser system. 
Fig. 4 represents a system designed to take care of unusual 
conditions, such as are to be found in the operation of large 
printing presses. In such cases the motors can also be operated 
at a very low rate of speed. The method consists essentially in 
employing a small motor, which takes current from the main 
source of supply at the full voltage. This motor drives a small 
generator wound with large current capacity, and this current 
it supplies to the main working motor, but at low voltage, 
because the speed is very slow. It is because of the latter 
_ fact, and further because it is in service for so small a space 
of time, that the apparatus can be made small. 
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Field Control.—The foregoing methods vary the voltages 
applied to the terminals of the motor armature. There i 
method of changing the speed by varying the field strength of 
the motor and in that way changing the counter electromotive 
force at a given speed e.m.f. This has two limitations: (a), the 
first one met with in practice; viz., that as the field of the motor 
is weakened it goes farther and farther off from its electric 
balance, and its distress is soon evidenced by sparking at the 
commutator, due to reaction of the armature upon the weakened 
field; (b), the torque will fail, if the field is weakened beyond 
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a given point. In a motor designed to come fairly well up to © 
the limitations of its normal rating, the speed should not be 
increased more than 30 per cent. If, however, the motor is 
large for its work, 7. e., under-rated, according to commercial 
standards, then of course its speed can be increased until the 
limiting conditions of speed control, as established by its rating, 
are again reached. Or if the motor is operating at a lower 
potential impressed upon its armature than that of its normal 
rating, its speed may be increased over a larger range by weaken- 
ing its field. But, generally speaking, it-is well to understand 
that field control, while most useful within its limitations, cannot 
be successfully carried beyond such limitations and that 
such limitations represent an increase of not more than 
30 per cent. of the normal speed of the motor. It must always 
be remembered, that field control increases the normal speed of 
the motor and does not decrease it. 

In combination with the multi-voltage system—which is avail- 
able for producing certain speeds that remain constant, even 
with varying torque, throughout the entire range—the rheostatic 
control can be used for reducing any one of the fixed speeds 
to the next fixed speed. Field control can also be used for 
increasing any one of the fixed speeds to its next graduation. 
By these means, speed increments can be obtained as finely 
- divided as one pleases, that will carry the speed of the motor 
from zero to maximum, with high efficiencies and practical 
constancy at any one point, in spite of varying torque. The multi- 
voltage is depended upon to form the frame work of the speed 
control, while the rheostatic and field control supplies the de- 
tailed elaboration, where such may be necessary. The multi- 
voltage is carried throughout the entire plant, usually by two 
conductors in addition to the two main circuits, while the 
rheostatic and field control is applied locally as circumstances 
may require. 

Thos. A. Edison marked an important epoch, when, about 
‘seven years ago, in his great ore milling undertaking, he put 
into operation a principle that had long been accepted by 
him ;—that machinery and equipments are cheaper than labor 
and general expense and that it is better to use up the ma- 
chinery at a high rate, if by so doing the output is materially 
increased. 

About four years ago the matter of determining exactly the 
speed limitations of iron working machinery was taken up by 
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a iew enterprising engineers, and these limits have since been 
kept in view with the greatest amount of success. Where 
formerly the old thumb rule governed, the slide rule is 
used. While labor was bitterly opposed to the principle of the 
employer inducing his operators by additional incentive, to work 
up to the highest efficlency—which incentive was withdrawn 
when that point was reached, and their wages perhaps, still 
further reduced, should they fall behind—it has been led to 
recognize the benefits to be obtained by securing to the operator 
his mean wage, and allowing him to share in the benefit gained by 
his working up to his normal capacity. These methods at present 
come within two general classifications. I will mention them 
here, because they are pertinent to the general subject of variable 
speed control. The first is the premium system, in which the 
law of averages is applied to past work and the result is taken as a 
standard for determining what can be done in the future. This 
determined amount is generally cut down in order to provide for 
the increased efficiency at which the man is supposed to work. 
Now, if a man is able to improve upon that time, he is given a 
pro rata share of the gain. This system is based upon empirical 
data. The other system is more recent and is known as the 
bonus plan. It is as follows: First, the limit of speed and 
depth of the cutting tool are determined, then the area to be 
traversed by that tool determines the minimum space of time 
in which the tool can traverse it at its maximum cutting speed 
and depth. In making this calculation, it is assumed that the 
operator has always available the speed that represents the 
maximum limitations of the tool. Stability of the machine tool 
itself, and the capacity of the power transmitted to do the work, 
must be carefully considered. The operator is given explicit 
directions as to the shape of the cutting tool, the feeds, speeds 
and general method to be applied in doing the work and the exact 
time involved in such method is also given him. These instruc- 
tion cards are not only theoretically correct, but state conditions 
that can easily be obtained in practice. If the operator succeeds 
- in meeting these conditions, he not only receives his regular pay, 
but is also presented with a fixed bonus. With sucha method of 
operation as has just been described, the practical operator 
immediately recognizes the essential points. 

1st.—He must have a cutting tool that will stand up to the 


work. 
_94.—He must have a motive power having a range of speed 
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from which he ean always select, and quickly, the speed that will 
produce the result expected. . This. motive power must be able 
to stand up to its work. 

3d.—The machine tool must have sufficient strength to stand 
the strains that may be put upon it. 

The limit of high speed operation is not to be found in cutting 
tools, or in the ability of motors to successfully do the work and 
to vary their speed, or in the motor’s first cost, but is to be found 
in the stability of the machine tool itself, which is generally de- 
signed to stand the lower strains and the smaller powers required 
by the old cutting rates. I have prepared a table which I 
believe fairly well represents what was possible in the way of 
cutting speeds, four years ago, and what can be readily ob- 
tained in practice to-day, provided the machine tool can stand the 
strain. 

CUTTING RATE. 


(Revolving.) 
|  Byold 
Material. | Methods. {New Methods*] Cut. | Feed. 
Cast iron ee 1e60 rE: 60-80 ft. rn ee 
Forged steel, 
unannealed.... 12... 40-60 ft. 7” +” 
Steel casting..... 10 ft. 40-70 ft. a 4” 


*Using Novo, Taylor White or Firth Sterling Tool Steel. 


It is interesting to point out in connection with this table, that 
at these high cutting rates, a speed range must be provided to - 
allow for the variation in the material itself and therein the 
variable speed motor, with its large range of easily selected 
speeds, serves a most important function. 

The Bickford Drill & Tool Company give some interesting 
information as to progress in increased cutting speeds for drills. 
While two years ago the speed ranged from 9 to 188 revolutions 
and the feed ranged from .005” to .007”, they are now enabled to 
drill a §” (.375”) hole at a feed of 1/16” (.06”) per revolution. 


Upon the conclusion of the paper Mr. Lozier said: 

Your President in his opening remarks said that the mechani- 
cal engineer had put upon the electrical engineer the responsi- 
bility of applying the system of varying the speed of motors. He 
pointed out that while the problem appeared to be a mechanical 
one, it was really an electrical one. This is true. What I par- 
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ticularly wish to point out in this paper is the close relation that 
the individual motor with its variable speed drive, bears to what 
is now known as the new shop method. 

When I refer to it as ‘“‘ method,” I probably ought to say 
“methods,” for there are anumber of means for increasing shop 
production. These methods were first evolved, probably not 
more than four years ago. Perhaps Edison was one of the first 
to enunciate the principle that it is better to waste the tool if you 
can save yourlabor. He put this theory into practical operation 
in his large cement works; and I know that for years he has 
always worked to the end of increasing his product as being the 
most practical means of increasing his profit. 

Experiments were made beginning some four years ago at one 
of our largest steel works, and thousands of dollars were expended 
_ in experimenting, not only with cutting steels, but also with 
variable speeds. It was found that the general machine shop 
practice was far, far behind its possibilities. Under the old 
methods, the man who had served his apprenticeship was turned 
over to the blue print and stock and by the rule of thumb he got 
the best out of the stock that he could. Modern tools, instead of 
applying the thumb rule, apply the rule best adapted to the work, 
and increase the output from 100 to 200 per cent., and in some 
cases to 300 per cent. This is an enormous increase. It means 
that a shop which has been in the habit of working day time and 
night time, can increase its output by working only day time, 
and shutting off its nightforce. Itmeansthatif America applies 
these new shop methods and the old countries do not, the old 
countries will be left behind; they cannot hold the pace we will 
set for them. I was told two weeks ago by the superintendent 
of one of the largest shops in this country that by variable speed 
motors they increased their output over 40 per cent, and so I say 
that the variable speed motor bears an intimate relation to the 
new shop methods. 

I think the mechanical engineers have not been disappointed 
in placing upon the electrical engineers the responsibility of in- 
troducing the new methods of tool operation. 

There are one or two specific points I should like to bring up. 
What is involved in a multi-voltage circuit? The multi-voltage 
circuit involves a given source of supply—isolated plant or cen- 
tral station—having two wires. It then involves a balancer. The 
balancer is not as is generally supposed, a large device, having a 
capacity sufficient to carry all the motors at the lowest speed, any 
more than a life insurance company is organized and premiums 
adjusted on the basis of all the policy holders dying the same day. 
The larger the number of tools driven, the smaller the balancer 
may be; and we have taken it as a rule that the armature of a 
multi-voltage balancer need not be larger than sufficient to 
operate the largest single motor on the circuit at its lowest speed. 
This rule is borne out in practice in a number of cases. 

If I may have the screen for a moment, I will show you what 


~ 
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corresponds to the multi-voltage balancer. This picture is a 
shop operated by individual motors, in which you notice the 
clear head room, and the other is a shop in England driven by 
belts. I think we are all so familiar with the advantages of 
individual driving that the pictures perhaps are not necessary. 
The next picture illustrates a multi-voltage balancer. There 
would be one commutator here, another there, and the third 
commutator would be at the other end. The next picture will 
show the connections of the circuit. In this particular case we 
have voltages of 60, 80 and 110, giving a total of 250 across the 
circuit. The interesting point in distributing the load on these 
circuits, is that if the motor is on 60 volts, it does not require 
more power than is passing through the balancer circuits. It 
acts as a shunt. As the power on the motor is increased, how- 
ever, less and less current passes through the balancer and more 
passes through the motor. 


A paper read at the 170th «Meeting o} the 
American Institute of Electrical Engineers, 


New York. Nov. 21, 1902. 
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THREE-WIRE SYSTEM FOR VARIABLE SPEED MOTOR 
WORK. 


BY N. W. STORER. 


A description of the operation of variable 
speed pD.c. motors on the three-wire system. 
Illustrated. 


At the present time, when the possibilities of the electric motor 
are being realized and it is everywhere taking its place in fac- 
tories, machine shops, steel mills and in practically every kind of 
industrial enterprise, the type of motor to be used and the best 
method of applying its power are much discussed topics in en- 
gineering circles. In deciding thé type of motor to be used it is 
generally recognized that the alternating current induction 
motor has its own particular field; the p. c. and a. c. motors have 
a common field, and the p. c. motor in turn has its own special 
field. In deciding the method of applying the power, the choice 
lies between a separate motor for each machine and group driving 
of, machines from counter-shafts driven by constant speed motors. 
If individual motors are selected, when variable speed is desired, 
there is the further choice between the constant speed motor with 
mechanical speed changing devices and a variable speed motor 
direct connected to the machine. In this latter class of work is 
found the special field for the D. c. motor. 

Omitting cranes, street railways, hoists, and other classes of 
service where the series motor with rehostatic control is used, 
we find that variable speed motor work may be divided into three 


classes: 
(1.)—Machines requiring a torque increasing with the speed. 


Blowers and fans belong in this class. The power required for 
the machine increases very rapidly as the speed increases and 
127 
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great care should be exercised in selecting motors for such serv- 
ice. However, as the variation required is usually small, the 
requirements can be met with standard motors on a single 
voltage system. Motors should preferably be compound wound 
and the speed should be varied by means of a resistance in the 
shunt field. 

(2.)—Machines requiring a constant torque. Inthisclass pumps 
and air compressors are the most conspicuous examples. The 
speed variation required for such service is usually small and it 
is generally best and most economical to supply compound 
motors and to vary the speed by means of the shunt field rheo- 
stat, as in the case of the fans and blowers. A series winding is 
especially beneficial for this class of work in preventing the heavy 
fluctuations of current that would take place with a constant 
speed motor in passing through the different parts of the cycle. 
A compound motor may be used for this work because a constant 
speed at any point on the controller is not necessary. 

(3.)—Machines requiring approximately the same maximum 
output at any speed, or a torque varying inversely as the speed. 
This class includes most of the machine tool work where auto- 
matically constant speed regulation on any notch of the con- 
troller is especially desirable. It is, therefore, necessary to use a 
shunt motor having good inherent regulation. 

It is the last named class of service that has caused the most 
discussion. Several companies have entered this field with 
different systems of variable speed motor control. Some of 
these companies are able to place their motors on the standard 
and well known systems of power distribution, while others seek 
to introduce special systems. The writer has been interested in 
the development of the three-wire system for this class of work, 
and it is the purpose of this paper to describe its apres: and 
advantages. 

The Generator:—The standard Edison three-wire system for } 
general power distribution is so well known that it is unnecessarv 
to describe it. The power station equipment, consisting of two 
125 volt generators connected in series with the neutral wire 
brought out between them, is also well known and the single 
voltage generator with a motor-generator set of sufficient 
capacity to carry the unbalanced current, is used in many places. 
But the type of generator which is rapidly attaining prominence 
is the so-called three-wire generator, consisting of a standard 
D. Cc. generator designed for the maximum required e.m.f. having 
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collector rings connected to the armature winding like a two- 
phase rotary converter. The leads from these rings are con- 
nected to auto-transformers or balancing coils, the middle points 
of which are connected to the neutral wire. With no external 
devices whatever, the neutral wire is thus maintained at a voltage 
midway between the outside wires of the system (see Fig. 1). 
These generators may be operated in multiple with any standard 
three-wire system, whether it consists of two machines operated 
in series, a single voltage generator with a balancing set, or a 
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double commutator generator. Any standard single voltege 
system may be changed into a three-wire system by adding 
collector rings to the generator and using balancing coils to sup- 
ply the neutral wire. 

The Motor:—The standard type of motor is used on this sys- 
tem. If only a small variation in speed is desired, as about 2:1 or 
less, only one voltage is used and the speed variation is secured 
entirely by changing the shunt field current. If wider variations 
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are required, it is preferable to use the two voltages of the three- 
wire system. It is necessary simply to make a 220 volt motor 
connected so that it may be operated on either 110 or 220 volts. 
The minimum speed is secured on the 110 or low voltage circuit 
with full field strength. Any other speed less than double the 
minimum will be secured on the same circuit by decreasing the 


field current. All higher speeds are obtained on the 220 volt or - 


high voltage circuit in the same manner. Operated in this way 
the motor is started on the 110 volt circuit, having in series with 
the armature a resistance, which is cut out for the first running 
notch. The speed is increased in successive steps by inserting 
resistances in the field circuit until the maximum 110 volt speed 
is reached. Then the controller changes the motor to the 220 
volt circuit with a resistance in its armature circuit, and at the 
same time gives the motor a stronger field. The resistance in 
the armature circuit is used only in passing to the higher voltage, 
and is immediately cut out for the first runnnig notch. For 
higher speeds, resistances are again inserted in the field circuit, 
as before, until the maximum desired speed is reached. 

In this manner a variation in speed of 1:6 is easily obtained. 
Greater variations may be obtained if desired, but are not to be 
recommended except in special cases, as the size and cost of the 
motor will be so great that larger variations than 1:6 are hardly 
to be recommended on any sytem. The size of motor is deter- 
mined by the output at the lowest speed, so that unless the maxi- 
mum speed is excessive, the motor size will be very large for the 
output required if variations even of 1:6 are required 


OPERATION. 


Commutation:—The operation of motors on this system is most 
satisfactory. The fact that the speed is increased so much by 
weakening the field might lead some to think that the commuta- 
tion would suffer, but such need not be the case. An example 
will demonstrate the truth of this statement. A certain machine 
requires a 5 h.p. motor to operate it with a speed variation of 1:4, 
say from 375 to 1500r.p.m. On the three-wire system this motor 
will be a standard 10 h.p., 220 volt motor operating normally at a 
speed of 750r.p.m. Run with full field strength on the 110 volt 
circuit, it will develop 5 h.p. at about 375 r.p.m. Operating on 
this circuit, which has only half its normal voltage, the motor will 
easily stand an increase of speed 60 per cent. to 75 per cent., 
bringing the speed up to 600 or 650 r.p.m. When it is changed 
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to the 220 volt circuit, it will have its normal capacity for 10 h.p. 
at 750 r.p.m.; but only half load is required and it will com- 
mutate this as easily at a speed of 1500 as it would 10 h.p. at 750, 
because both field strength and armature current will be divided 
by two. ‘From this it may be seen that when the motor is run- 
ning at full armature current, the voltage is only one-half the 
normal voltage. When the motor is operating at full voltage, 
the armature current is only one-half the normal current. If 
speed variations of 1:6 are required, they can be secured by a 
very slight increase in the normal field strength of the motor. 
Regulation:—The performance of the motor in speed regula- 
tion on the separate controller points is very good. As the low- 
est voltage used is 110 volts, the proportion of voltage lost in 
resistance of motor, brushes, armature, controller and wiring will 
be very much less than it would be if a minimum voltage of 60 
were used, consequently the speed regulation will be much 
better. - On an extremely slow speed motor the resistances of the 
different parts of the circuit play a very important part in the 
speed regulation. Where a very low voltage is used the speed 
variation from no load to full load may be as much as 20 per cent. 
or 25 per cent. 
~ Controller:—The smoothness of operation in changing from 
one speed to the next is very noticeable. The field strength 
changes very gradually no matter how suddenly the field resist- 
ance is changed. Consequently, there can be no sudden change 
in speed. In this respect it is better than a system which 
changes the speed by changing the armature voltage without a 
resistance in the circuit. At the only point where the armature 
voltage is changed on the three-wire system, a resistance is in- 
serted in the armature circuit, which effectually prevents a sud- 
den jump in speed. 


EFFICIENCY. 


Motors :—The efficiency of the motors, as well as of the entire 
system, is high. Operating on the low voltage, the motor is at all 
times running under full load conditions with the efficiency in- 
creasing as the speed increases, because the field current and core 
loss are decreased at the higher speeds. _When operating at 220 
volts at the minimum speed, the efficiency corresponds to the half 
load efficiency of the standard motor. As thespeed is increased, 
the copper loss in the armature remains constant and the field loss 
and core loss decrease so that unless the increased friction over- 
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balances them, the efficiency will increase up to the maximum 
speed. This is in marked contrast to a motor operated on a sys- 
tem supplying a different armature voltage for each speed. To fill 
the requirements of the above case on the multi-voltage system, a 
motor of the same weight but normally rat«d at 20 h.p., 220 volts 
and 1500r.p.m. will be required. It will operate at a voltage of 
about 60 at minimum speed and will there require the normal full 
load current of the motor to develop 5h.p. This would be double 
the current of the motor operated at 110 volts at the same speed; 
and while the copper loss in the armature and field and the core 
loss would be about the same as in the other motor, the loss in 
brushes would be doubled and the loss in controller and wiring 
very much greater. An increase in the speed will increase the 
core loss very rapidly, the field will remain constant and the 
copper loss in the armature will decrease. The efficiency of this 
motor may be explained by the statement that at the only time 
the motor is operating under its full load armature current, it is 
running at 60 volts and the efficiency is necessarily low. At the 
maximum speed where the normal voltage of the motor is 
reached, it operates at only one-quarter load and consequently 
with alow efficiency. At no point on the curve does its efficiency 
equal that of the motor on the three-wire system. 

Transmission:—The efficiency of transmission on the three- 
wire system is high. Practically all of the current is transmitted 
at the maximum voltage, as the motors are equally distributed 
between the two sides of the system for their low speeds. The 
chances for unbalancing are thus very much less than on a multi- 
voltage system that requires all of the motors to have corres- 
ponding speed notches on the same circuit. 

Generating Plant:—The efficiency of the generating plant is 
also a maximum. The three-wire generator itself has the same 
efficiency as the standard pb. c. generator of the same capacity. 
The losses in the balancing coils with 15 per cent. unbalanced 
load will not exceed one-quarter of 1 per cent. of the capacity of 
the generator. This gives the most efficient type of three-wire 
generating apparatus. Comparing it with the complicated 
generating outfit required for a multi-voltage system, shows at 
once its superiority, both in efficiency and in the amount of 
attention required in operation. 

Economy:—The three-wire system is very economical in the 
wiring. As practically all of the current is transmitted at the 
higher voltage, the neutral wire may be very small. In this 
respect also, it is superior to the multi-voltage system. The 
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latter really has two neutral wires, but as the unbalancing is likely 
to be much greater, they must necessarily be larger than the 
neutral of the three-wire system, and all the wires would be larger 
if the same percentage of line loss were maintained. Branch lines 
to the motor, forming a considerable part of the total wiring sys- 
tem, must be much heavier than on the three-wire system as there 
are more wires, heavier currents to be carried and greater losses. 

Controller:—The controller of the three-wire system is very 
simple. Itisof the standard drum type, designed mechanically 
like a street car controller. It has the field and armature re- 
sistances in the base, making the whole controller very simple and 
compact. 

The advantages of the system described in the foregoing may 
thus be summed up as follows: 

(1.)—Simplicity, not only in the generating plant, but in the 
transmission lines, motors and controller. 

(2.)—Efficiency in generating plant, transmission line and 
motor. 

(3.)—Economy in first cost of generating plant and trans- 
mission lines. ; 

(4.)—Constant speed regulation from no load to full load. 

(5.)—Smoothness of operation in changing from one speed to 
another. 

These advantages are all easily apparent for work where the 
motor output is the same at allspeeds. In such work the weights 
of the motors will be practically the same as those on the multi- 
voltage system. But it is recognized that in work where a con- 
stant torque over a wide range of speed is required the multi- 
voltage system has certain advantages. The motor required will 
be smaller, depending on the range of speed to be covered 

‘However, for the small amount of such work that is to be done 
it is better to sacrifice a little in the size of a few motors than to 
introduce the complicated generating plant and the expensive 
transmission lines necessary for the multi-voltage system. 
Motors running on the three-wire system will meet all such re- 
quirements. It is only a question of making them large enough. 

In cases where it is impracticable to have two voltages, and a 
wide range of speed is necessary, a double commutator motor 
may be used with excellent results. This motor may be built 
with both ends of the armature wound for the same voltage, in 
which case they wiil be connected first in series, then in parallel, 
giving speed changes corresponding to the speed variations on 


the three-wire system. 
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THE STORAGE BATTERY AS A FACTOR IN SPEED 
CONTROL. 


Behe SiC OrnmOs 


A description of the use of storage batteries 
in connection with the operation of printing 
presses and with the multiple voltage system. 


In presenting this paper to the Inst1TUTE, nothing very new or 
novel in the idea of varying the voltage across a battery, in order 
to secure speed variation is claimed. There seem to be some 
differences of opinion as to the rights of different persons to the’ 
multiple voltage system of control, and this opportunity is taken 
to call attention to the part which the storage battery may play 
in this important work. The many short comings of the storage 
battery are appreciated, but recent experience has taught that 
while the watts per pound of material have not been so materially 
increased in recent years, the life of high grade storage cells has 
been increased to such an extent that the old ideas as to cost of 
maintenance will have to be modified, and the charges of 10 per 
cent and 15 per cent of first cost per annum for renewals must be 
cut in half. 

All are no doubt quite familiar with the various ways in which 
batteries may be utilized, and it is the purpose in this paper to 
dwell particularly on a method of using’a storage battery as an 
auxiliary or independent source of supply in connection with the 
operation of printing presses. 

With printing press work, the operations of making up and 
threading in paper require a positive fixed speed of from 12 to 20 
r.p.m. on the main shaft of the press. The methods of obtaining 
_ this speed from electric motors, which are common, are to em- 
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ploy either fixed resistances, armatures in multiple and series, 
or separate sources of supply, such as motor-generators. The 
motor in the last case is a shunt machine, wound for the line volt- 
age, while the generator is a shunt machine with field separavely 
excited from the line and supplied with a constant voltage. The 
armature is wound to give a fixed voitage from 12 to 40 volts, 
depending upon the special requirements. 
It.is in connection with this last system that the method men- 
tioned in this paper is particularly applicable. Fig. 1 shows the 
connections to the storage battery and to the motor through the 
controller. The following data have been obtained in connection 


Fries 1. 


with the utilization of this system for the operation of quadruple 
Hoe printing presses of moderate size. These presses operate at 
12 r.p.m. in making up and threading in, and require for this 
purpose a current of 150 amperes at 40 volts. The threading in 
and making up process per press lasts at a maximum not more 
than ten minutes. This process has to be repeated not more 
than fifteen times in twenty-four hours. From these data it is 
apparent that a 200-ampere-hour battery on an hour rating will 
more than fulfil the requirements. 

A battery of accumulators to give 40 volts and 200 amperes 
for one hour will cost not more than $400, which is not a pro- 
hibitive figure, especially when considered in connection with the 
following additional advantages: 
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(a).—One battery will do for a number of presses, for the 
reason that all of the presses in any establishment are not 
simultaneously in operation. 

(b)—The battery can be on charge at a very low rate at all 
times when current is flowing on the mains, thus insuring the best 
possible results from the battery at a minimum cost for current. 

(c).—The battery having no moving parts, such as bearings and 
commutators to get out of order, will doubtless appeal to the 
press operators. 

(d).—The e.m.f. of a battery is constant, while that of any other 
independent source of supply is variable, depending upon the 
line voltage. Many a press operator has lost his fingers because 
of sudden variations of voltage supplied to the motor. 

The operation of elevator motors by means of a storage battery 
placed directly across the line, and in connection with a multiple 
series controller, offers an excellent means of varying speed. The 
battery can be figured on a two-hour rate in the severest service, 

so that the first cost is not excessive, while the saving from repairs 
to resistance plates and contact pieces is a matter of no small 
importance in comparing the economic advantages .of two 
systems. 

The use of a battery for the multiple voltage operation of 
machine tools, presents another phase of the subject. The high 
first cost of batteries militates against their adoption. In ashop 
requiring about 100 k.w. average motor load, the battery capacity 
will have to be calculated on a three-hour rating. The first cost 
will be about 30 per cent. more than that of equivalent multiple 
voltage generators as now employed. That the battery is 30 
per cent. more expensive in first cost does not, however, exclude 
it from competitive consideration, because the increased eff- 
ciency of the cells over that of multiple voltage generators when 
operating at varying loads. 

As a substitute for storage batteries one can often use so-called 
counter electromotive force: cells. These may be constructed 
with unformed lead electrodes in an ordinary battery electrolyte. 
The necessary electrode surface is not determined by the am- 
pere-hour capacity of the plates, but by the internal resistance 
requirements for economic operation. The cost of construction 
of these cells is much less than that of equivalent batteries. The 
cutting down of supply voltage by counter electromotive force 
is the natural method dictated by economic consideration, while 
to cut it down by resistance is unnatural. 
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Referring to the above paragraph, it is probable that careful 
examination will prove that the c.e.m. f. method of multiple 
voltage control, taken in connection with the weakening of the 
field of motor to give the last 25 per cent. speed variation, will 
result in the most economical system to operate and the lowest 
’ first cost for installation. 


A paper read at the srjzoth Meeting of the 
American Institute of Electrical Engineers 
New York, Nov. 21, 1902. 


ELECTRICALLY OPERATED COAL HOIST, HAVING 
VARIABLE SPEED CONTROL. 


BY P. O. KEILHOLTZ. 


A description and data. concerning the 
operation of acoalhoist. Illustrated. 


The use of electric machinery for coal hoisting has many advan- 
tages over steam machinery when the hoist is considerable. It 
has also the advantage of less cost of operation and maintenance. 
Its initial cost, however, is greater. 

There are two distinct operations in coal hoisting: raising the 
loaded shovel and lowering it empty. All that is required for 
raising is a smooth acceleration for closing and raising the 
shovel, and full power application as long as possible in order to 
decrease the time of hoisting. Full power application can be 
continued longer with an electric hoist than with steam, owing 
to the less inertia of the former. A smooth acceleration is 
required because the cables are without stretch and for very high 
hoists would introduce objectionable strains in the structure or 
damage to the gearing. It is in lowering the empty shovel that 
the electric hoist has marked advantages. With steam hoist 
the lowering is accomplished by braking, and with high hoists, 
large shovels and rapid lowering the large amount of heat gener- 
ated by the brakes is difficult to get rid of. As brakes depend 
upon friction, which is a function of two things—the surface con- 
ditions and the pressure between the rubbing surfaces—the 
amount of friction is uncertain, and braking, therefore, is obiect- 
tionable because violent surgings are introduced in the boom 
structure and tower. With the electric hoist, owing to the per- 
fect reversibility of the electric motor, the motor is used as a 
generator having a separately excited field and driven by the 
weight of the descending bucket. In its armature circuit is a 


-rheostat to dissipate the heat generated. Itis at once apparent 
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that this heat dissipation can be better accomplished with a 
rheostat than with a brake band. 
The Ward-Leonard system of control is used and the apparatus 
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its power from the motor generator set, the motor of which is 
supplied with 550 volt direct current. The field of the generator 


1902.] RITE HOET Zs HEPC RIC COAL HOIST, 141 


is separately excited and its strength is controlled by the operator 
by means of a foot operated rheostat. The field of the hoist 
motor is excited by the 550 volt, direct current. By means of a 
double throw, three-blade switch the foot rheostat is cut out of 
the generator field circuit and cut into the field circuit of the 
hoist motor; and the armature leads of the hoist motor cut 
from the armature circuit of the generator to the rheostat. 

Appended will be found sketches of coal hoisting tower, wiring 
diagram, distance-time curve and a velocity curve, together with 
data of test and other particulars. 
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Field current, not included, in above, 2.8 amperes. 

From the velocity curve (ascending) it will be seen that it took 
11 seconds to close the shovel, and from the ‘distance-time curve 
26 seconds to close the shovel and raise it to the dumping hopper. 
Therefore, 15 seconds is the time taken to raise the loaded shovel; 
and as the lift is 126 feet, the average velocity is 8.4 feet per 


second. 
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The efficiency is, 


Performance test: | 
Coal lifted, tons, 101.86. 
Time, minutes, 87.33. 
Rate, 70 tons per hour. 
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PARTICULARS OF ELECTRICAL APPARATUS: 


Main Motor: 


M.P., 6—150, h.p., 450. 
Volts, 550.° 


Generator: 


M.P., 6—85, k.w., 450. 
Volts, 250. 


Hoist Motor 


M.P., 6—100, h.p., 200. 
Volts, 250. 


A paper read at the 170th Meeting of the 
American Institute of Electrical Engineers 
New York, November 21, 1902, 
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A SERIES-PARALLEL SYSTEM OF SPEED CONTROL. 


BY GEO. W. FOWLER. 


A description of the parts of a system 
including a double commutator motor, 
switchboard, controller, automatic switches 
and emergency switches. Illustrated. 


The system of control of stationary direct current motors 
which I shall endeavor to describe to you has been quite exten- 
sively and successfully used for driving various kinds of 
machinery, especiaily large printing presses. ‘ 

The component parts of the system are a double commutator 
type motor, a switchboard, controller, a pair of automatic 
solenoid switches, and.a set of emergency switches. These are 
shown in Figs. 1, 2, 3, 4,5 and 6. The motor is shown in Fig. 7. 

The motor is of the ordinary slow speed, compound wound 
type, with the exception that it has two separate windings and 
commutators on the one armature body, operating in one mag- 
netic field. The field windings are so arranged that the series 
turns can be cut out after starting, thus obtaining the advantages 
derived by using a compound wound motor at starting, exerting 
a powerful starting torque with a minimum amount of current; 
and the constant speed features of the shunt motor, by cutting 
out the series, after the motor has reached a certain fixed speed. 

The armature windings are, of course, thoroughly insulated 
from each other, and have no connection excepting that obtained 
through the operation of the controller. . 

By an inspection of the controller, Fig. 2, it will be seen that it 
consists of numerous contacts and contact rings mounted upon a 
slate, the sub-structure carrying the controller arm, which 
moves over the contacts. For convenience, some external means 
is generally used to operate the controller, such as the lever 
shown in Fig. 3, which is frequently used in connection with 


143 


144 . FOWLER: SERIES-PARALLEL SYSTEM. [Nov. 21, 


printing-press work. It is through the movement of this one 
controlling lever, that all the combinations of windings and 
comnections, with the resultant variations in speed, are ob- 
tained. . 
Upon closely examining the controller in Fig. 2, you will notice 
that the contacts appear to be divided in two separate divisions. 
To the left the contacts are sub-divided into many small ones. 
To the right there are but few larger ones. Those to the left are 
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in use only when the armature windings are in series, while those 
to the right are in use only when the windings are in parailel. 
The two divisions have no connection with each other whatever. 
For use in graduating the speed, there are two banks of resistance 
used; one bank in circuit with the armature windings when they 
are in series and which is connected to the smaller contacts to the 
left, and another bank in circuit when the armatures are in 
parallel, and which is connected to the larger contacts, to the 
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Tight. The contact rings on tine controller are in circuit with 
the shunt field of the motor, and the small round contacts for 
the purpose of interposing resistance therein for the highest 
speeds. 

With any variable speed control system wherein a combina- 
tion of windings or machines are used to obtain the speed varia- 
tions, it generally becomes necessary at some point in the 
operation to open the circuit, preparatory to making some rapid 
change in the combination, in order that the speed changes shall 
be gradual. When performing this operation it has been, and 
now is, the custom to use magnetic blow-out coils to prevent 
excessive flashing of the controller contacts. In the series- 
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parallel system it is necessary to open the circuit when changing 
from scries to parallel, for it is quite obvious that the windings 
cannot be in series and parallel at the same instant. 

In this system of series-parallel control no blow-out coils of 
any kind are used and the change from series to parallel or vice 
versa, is obtained by the use of an ‘“* Automatic Solenoid Switch.”’ 

_A very good idea of the construction of the switch can be ob- 
tained by an inspection of Figs.4and 5. Two solenoids enclosed 
in a cast iron case, the object of which is to form a good path for 
the lines of force, are mounted upon one side of aslate. Through 
the centre of these solenoids is a plunger slotted in the centre 
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through which passes a small pin, thereby making a flexible : 
connection between it and the shaft carrying the switch arm on 
the opposite side of the slate. When energized at the proper 
time, first one and then the other solenoid operates, throwing 


Pic. 6. 


the switch arm to the right or left, as the case may be. The 
connections of the switch jaws shown on the front of slate are 
such that when connection through them is completed by the 
switch arm, the armature windings on the motor are first in 
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series, and when the arm goes to the other side the windings are 
in parallel. Therefore, during the time when the switch is 
operating from series to parallel, the circuit is opened; the action 
being instantaneous, there is no noticeable change in the speed, 
neither is there the slightest flashing at the contacts of either 
controller or switches. 

Two of these automatic switches are used with each equip- 
ment, one to perform the operation as outlined above, the other 
to “stop and start ” the motor—that is, to open and close the 
circuit. There is no open point on the controller except between 
the series and parallel side, and when the lever is thrown to the 
position which is normally “‘ off,” the solenoid switch used for 
this purpose opens the circuit. Likewise, when the lever is 
moved “on,’’ the switch closes the’ circuit. This absolutely 


prevents the slightest flashing at the controller contacts, when 
stopping the motor. By the use of the second mentioned switch, 
it is also possible to stop the motor from any one of several 
points, which is required in newspaper printing. 

To accomplish this the emergency switch, Fig. 6,is used. This 
switch is so connected with the controller (see Fig. 9) that when 
the plunger is depressed, connection is made through the solenoid 
which throws the switch “ off.”’ In Figs. 12 and 13 is shown an 

‘improved type of solenoid switch, wherein one coil is uscd for 
each switch: 

A reference to Fig. 8 will give a fair idea of the controlling 
device complete. Here the solenoid switches are mounted at the 
top, the controller and lever at the bottom. The circuit breaker 
shown to the left is of the ‘‘ no voltage ’’ and overload type. 
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In Fig. 9 is represented a diagram of the wiring and connection 
of a complete serics-parallel equipment. A careful inspection 
will disclose the following conditions when the equipment is in 
operation. 

With the controller lever ‘‘ off,’’ the two solenoid switches are 
in a position corresponding to ‘“‘ off,”” on the one and “ series ” 
onthe other. The lever being moved to contact 2 (on controller) 
one solenoid switch throws ‘‘on.”’ the other still remaining in a 
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series position. The curre-it then flews through the two armature 
windings, in series, in series with th2 series field and in series with 
the resistance connected between controller contacts 1 to 40.: 
This gives the slowest speed obtainable, which, when used for 
newspaper printing, is 5 per cent of the maximum. The next 
successive moves of the controller lever, simply cut out resistance 
in the armature circuit, until contact 38 is reached, when it is all 

out. At this point the series field on motor is gradually cut 


150 


FOWLER: SERIES-PARALLEL SYSTEM 


AMMETER 
FURNISHED 
ONLY WHEN 


l 
SPECIFIED 


F.P, DOUBLE 
COMMUTATOR MOTOR 
FOR P.P, CONTROL SYSTEM. 

TOP BRUSHES ONLY ON 2 CKT MOTORS. 


[Nov. 21,. 


1902.] POWERS HRD = PARAL EEE SY STEM. 151 


out. As will be noticed the series field is connected to terminals 
7, 8 and 9 on the controller and permanently attached to ter- 
minal 7 is a small quadrant switch operating between two switch 
jaws,on8and9Q. As the controller lever moves under7, 8 and 9, 
the switch at 7 is engaged by the controller and enters switch 
jaw on 8. This short circuits one-half the series field coils 
on motor. Continuing the movement of controller, the switch 
enters switch jaw at 9, thus connecting 7, 8 and 9 and entirely 
cutting out the series field. Therefore, the motor is now run- 
ning as a shunt machine. with the armature windings in series. 

Now, as the controller lever is moved to cover contact 41 and 
42, the solenoid switch previously mentioned is brought into 
connection and changes the armature winding from series to 
parallel. At the same time enough resistance is inserted in the 
circuit to keep the speed and current normal. (See curves, 
Fig. 10.) As the lever is moved over 43 and 44, etc., resistance 
is gradually cut out until 49 is reached, when the motor is running 
without resistance in the armature circuit and the windings are 
in parallel. . There are still-five more speeds, which are obtained 
by inserting resistance in the shunt field. At the last of these 
the speed of the motor is at its maximum. To stop, the emer- 
- gency switch connected as shown on Fig. 9 may be operated, 
which throws the solenoid switch “ off,” ‘thereby opening the 
cirewit, and stopping the motor. . . 

Before the above operation can again be repeated, the lever 
must be brought back to the starting point, when over contact 
2, one switch is thrown back to “‘ series ’”’ (that is so that it con- 
nects the armature windings in series) and the other switch “ on.” 
Then to continue as before would simply be to move lever from 
2 and so on, or if to stop. it altogether, move to contact 1, where 
the solenoid switch throws “‘ off.” 

The diagram of connections shows a slightly different type of 
solenoid switch from thiat illustrated; one in which a single 
~ solenoid accomplishes the same result. This is shown thus, as it 
is much easier to trace out the path of current, in illustrating the 
operation of the system. 

The relative advantages of the series-parallel system over the 
rheostat control with one commutator is readily apparent by an 
inspection of Fig. 10, in which the curve shows the comparison 
between the two systems, when operating a Hoe Quadruple 
Press. It will be seen that the current required to exert the 
maximum torque when starting the press from rest is somewhat 


152 


CURRENT TAKEN FROM LINE 


FOWLER: SERIES-PARALLEL SYSTEM. 


| \ | ; 
CURRENT, TORQUE,| SPEED AND € 
Sh, bdo sas 


FFICIENCY 


ase aerate 


OF DOUSLE COMMUTATOR MOTOR. 


P TORQUE 


FOOT LB 


a 
shied 
=e |I 
ay | 
CURRENT | 1]! / side 
“wy Ot t t f 7 +——200 
=| || ARMATURES IN PARALLEL AND RESISTANCE 100 
ARMATURES IN SERIES gail | IN THE SHUNTFIELD 


Fie 10. 


——— 


[Nov. 21, 


$s 8 8 
EFFICIENCY 


~ 
Ss 


10. 


1902.] FOWLER:.SERIES-PARALLEL SYSTEM. 153 


less than the current required for the same operation by a singie 
compound wound motor with rheostat control. Also the 
efficiency at all speeds is much better. 

While the system was originally designed especially for operat- 
ing Webb presses, it is equally well adapted to any service requir- 
ing heavy starting torque, a wide range of speed variation, ease 
of manipulation and high efficiency. 


Pre. 12; Fic. 13. 


A portable motor for use in testing printing presses, is shown 
in Fig. 11. This gives a very good idea of what can be accom- 
plished in this direction. The entire apparatus is mounted on 
the motor frame, and is quite easily moved to various depart- 
ments. 


A paper read at the r7oth Meeting of the American 
Institute of Evectrical Engineers, New York, 
New 21, 1902. 


MULTIPLE UNIT,. VOLTAGE SPEED CONTROL FOR 
TRUNK LINE SERVICE. 


BY H. WARD LEONARD. 


A description of a single phase, high tension, 
alternating current system for operating 
trunk line railways. Conversion takes place 
on each locomotive and substations are 
eliminated. Itustrated. 


In February, 1894, I read a paper before this INsTITUTB 
describing a system which I considered applicable to the opera- 
tion of a trunk line electric railway. The essential features of 
this system were: 

1st. The generation and transmission of a high tension single 
phase alternating current, the power houses being placed as far 
apart as the insulation of an alternating current transmission 
would permit. 

2d. The entire elimination of sub-stations. 

3d. A transformation of the energy upon the locomotive so 
as to secure a voltage speed control for the electric motors, 
thereby obtaining smooth acceleration and efficient control of 
the locomotive at any desired speed and in either direction. 

At that time there were no engineers, so far as I know, who 
agreed with me that these features were essential for the opera- 
tion of a trunk line railway by electric motors. 

In the recent past, however, many prominent engineers both 
abroad and in this country have declared themselves in favor of 
these essential features, and I therefore feel warranted in describ- 
ing an improvement upon the system I originally proposed, by 
which I can secure the important and now well understood 
advantages of a multiple control of any desired number of 
locomotive units. 

Fig. 1 illustrates diagramatically one form of my multiple unit, 
voltage speed control as applied to two locomotive units for 


trunk line service. 
The current is generated in the form of a single-phase alternat- 
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ing current at as high an e.m.f. as is practicable to-day, say 
20,000 volts. A moving contact leads the single phase alternat- 
ing current upon the locomotive. If desired, static transformers 
can be placed at suitable points along the line of the railway 
which will reduce the initial e.m.f. to any desired lower e.m.f. 
upon the contact conductor. 

In many instances it may be desirable to place upon the loco- 
motive a transformer s’ for reducing the tension of the alternating 
current led to the synchronous motor a!. 

A single phase synchronous motor on the locomotive receives. 
this alternating current and is driven by it continuously at a 
practically constant speed; the current after passing through 
the motor, being led to ground through a moving contact. This 


| Fig. 1 
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single phase motor a! drives continually a small exciter r! and 
also a large continuous current dynamo p! whose field is separ- 
ately excited by the exciter n! and has in its field circuit a revers- 
ing field rheostat r'. The armatures of the propelling motors 
are connected in multiple directly across the terminals of the 
armature of the dynamo p'. The field magnets of the propell- 
ing motors m' are separately and constantly excited by the 
exciter EY, 

By manipulating the reversing field rheostat r', the current 
through the armatures of the motors m! necessary to obtain the 
required tractive effort, can be obtained at any desired voltage 
from the lowest voltage to the full speed voltage, and in either 
direction. 
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A perfectly smooth and rapid acceleration can thus be ob- 
tained with minimum energy from the source of supply. 

The simultaneous multiple control of the several locomotive 
units is obtained by means of the four small wires 1, 2, 3,°4, 
which are lead along the train. 

In Fig. 1 the operator is supposed to be upon the locomotive I. 
The exciter E', which is producing a constant e.m.f., has its 
terminals connected to the wires 1 and 2. Across these wires 1 
and 2 are connected the field windings of all of the propelling 
motors on the two locomotives, so that they are all constantly 
and fully excited. 

The wires 3 and 4 are also supplied by a current from the 
exciter E', but the reversing field rheostat Rr! is in the path of 
this current. The fields of the two dynamos p! and p? are con- 
nected in multiple across these wires 3 and 4 which extend along 
the train. 

It will be evident that by manipulating the reversing field 
theostat R the operator can vary, simultaneously and similarly 
the field exciting currents supplied to p' and p? and that there- 
fore he can cause the voltage of these two dynamos to vary in 
exact unison from 0 to the maximum voltage in either sense. 
Thus, the operator can cause the two locomotives to start, 
accelerate, run at full speed, retard, and reverse in perfect 
unison, always dividing the load perfectiy under these various 
conditions. 

By placing the controller r' in its open position and going to 
the other locomotives, the operator can similarly control the 
two locomotives simultaneously hy means of the controller rR’. 

By the use of this system I expect to be able to secure the 
following advantageous features: 

1st. The haulage over existing roadbeds, grades, bridges, etc., 
of very much heavier trains than can be hauled by any steam 
locomotive. 

2d. <A material reduction in the cost of maintenance of the 
locomotives as compared with steam locomotives. 

3d. <A material saving in the maintenance of the road bed 
because of the absence of hammer blow, shouldering, rocking and 
skidding. 

4th. A material increase in the weight of the train which 
could be hauled around a certain curve by a locomotive having a 
certain weight on drivers. 

5th A material increase in the load which could be started 
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upon a certain grade by a locomotive having a certain weight 
on drivers. 

6th. A material reduction in the dead load necessarily hauled 
by a steam locomotive, represented by the part of the steam 
locomotive and tender not on drivers. 

7th. A very large increase in the number of trains of given 
weight and speed which could be operated from a given power 
house compared with the series parallel or cascade systems. 
Or, to state this another way: a very much higher rate of 
acceleraticn with the same maximum output from the power 
house, the same conductors, the same weight per train and the 
same watt hours per ton mile, than is possible with the series, 
parallel or cascade systems. 

8th. As each locomotive unit can be equipped with any 
desired number of driving axles and any desired number of 
locomotives can be operated under multiple control, the amount 
of power which can be applied io a single train and controlled 
by a single operator is practically unlimited. 

9th. Fifty per cent. of the energy now wasted on friction 
brakes can be saved in the form of useful electrical energy 
restored to the system. 

10th. The first cost of equipment will be very much less than 
that of any system, for equivalent service, which involves the use 
of sub-stations. 

lith. The cost of haulage per ton mile will be greatly reduced 
as compared with steam locomotives, especially because of the 
large increase in the weight of the train which can be hauled. 

12th. Difficulties due to electrolysis would be reduced toa 
minimum. 


A paper read at the 170th Meeting of the American 
Institute of Electrical Engineers, New York, 
Nov 21, 1902. 


CONTINUOUS CURRENT MOTORS FOR MACHINE TOOLS. 


BY F. O. BLACKWELL. 


A description of the characteristics of the 
different classes of metal working tools, of the 
requirements of motors for operating them, of 
the conditions limiting the range of speed 
variation and some of the methods of obtain- 
ing it with continuous current motors. 


The application of electric motors to machine tools is a subject 
requiring a great deal of study in order to obtain the best results, 
each case having to be treated as an individual one. In mcst 

shops it might be economical to have the bulk of the machines 
_ driven by individual motors, while in others group driving would 
be better. ; 

Planers, slotters, milling cutters and many other tools need 
only a slight variation in speed, as the relation between the tool 
and its work is always the same, variation in speed only being 
required for different classes of work, that is, for hard or soft 
metal or for a roughing or a finishing cut. Such work does not 
require more than a 2 to 1 variation, while, on the other hand, 
lathes, boring mills and other rotating tools may require an 8 or 
10 or even 40 to 1 variation, necessitated by the varying relation 
between the tool and different diameters of the work. For 
instance, take a lathe in which is being turned a shaft 6” in diame- 
ter, to obtain a cutting speed of 50 r.p.m., it will require approxi- 
mately 32 r.p.m. of the main spindle; while if the flange of a 48” 
wheel was being turned, it would require only 4 r.p.m. of the 
spindle to obtain the same cutting speed. It can therefore be seen 
that such tools of necessity require a large amount of speed 
variation to obtain the best results. 

159 
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There are a number of methods in use for attaining this vari- 
able speed by means of the electric drive, the more common being 
rheostatic, field, and multiple voltage control. 

Either the rheostatic or the multiple voltage method combined 
with the field control of the motor makes a very flexible system. 
For example, a motor having 100 per cent. field control used on 
the three-wire system will give a speed variation of 4 to 1, ora 
motor having 35 per cent. fieid control used on a four-wire sys- 
tem with potentials of 60, 80, 110, 140, 190 and 250 volts, will 
give a speed variation of approximately 6 to 1, or having poten- 
tials of 40, 80, 130, 170, 210 and 250 on § to 1 speed variations, 
the gaps in speed between the various potentials being filled in by 
field control of the motor. 

Having at hand an easy method of control, the question arises,— 
how far can we eiuciently apply this method to advantage? It 
has been demonstrated many times that it takes practically a 
constant horse-power to remove a given amount of metal per 
minute, irrespective of the rotative speed of the tool. There- 
fore, the main spindle of a lathe taking a 2” cut on a 6” steel shaft 
with a feed of 3” and a cutting speed of 56 r.p.m. makes 32 r.p.m. 
and takes a certain horse-power to drive which we will assume to 
be 15 h.p., and the motor will be working on its highest potential 
or 250 volts. Now, if we are using the multi-voltage system 
with the last-named potentials above, and should put a 48” 
wheel in this same lathe and turn up its rim with the same cut, 
feed and cutting speed, the main spindle would run at about 
4 r.p.m., or one-eighth of the previous speed, but still requires 
15 h.p. to drive. With this condition the driving motor would 
have to run on its lowest potential or 40 volts, and would be con- 
suming fully six times the amount of current it did previously. It 
is therefore seen tnat a motor to be used on the multi-voltage 
system will have to be sufficiently large to carry its maximum 
horse-power at the minimum potential, or in other words, at say 
40 volts on a 250 volt system, the motor will have to be six times 
too large when working on its maximum potential. For this 
reason I feel that we must keep the lowest potential employed as 
high as possible in order that the size and cost of the motor may 
be within reasonable limits. A potential of 40 or 60 volts, re- 
quires such large conductors if they are laid out for a small drop 
that their cost is prohibitive in a plant of any size. If a large 
drop is used, the motor falls off in speed under load and its speed 
regulation under changes of load is little better than with the 
rheestatic control. 
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With the three-wire system and a 100 per cent. variation in 
the motor speed by field control, we can obtain a 4 to 1 total 
variation which, for general machine shop work, is sufficient to 
cover a single operation on a given tool. The total range, how- 
ever, on a tool can be increased greatly by having a few gear 
changes. For example, on a back-geared lathe with a gear 
ratio of 4to 1a total variation of 16 to lcan be obtained. Inthe 
same manner on a doubie-geared lathe a variation of 64 to 1 
might be obtained. 

The reduction effected by different sets of back gears on ma- 
chine tools will be found to vary from-4to 1 to 6to 1. All tools 
can be arranged with 4 to 1 changes between back gears without 
any difficulty. In many cases a single back gear is sufficient for 
a tool. By putting a magnetic clutch on this back gear and 
making the electrical connections in the coniroller, it is possible 
to get a 6 to 1 variation electrically and without increasing the 
cost of the motor more than would be required for a 4 to 1 varia- 
tion. 

Where machines must run at various speeds, the usual practice 
has been to employ step cone pulleys and changeable gears. The 
speeds obtained in this way, however; are few in number, and 
therefore as a wide range of speed is necessary, the different 
speeds must befar apart. The minimum speed change of lathes, 
for instance, is usually from 25- per cent.to 50 per cent. If the 
speed. with one combination of gears and. pulleys is a little too 
high, it can be reduced to the next lower speed (25 to 50 per cent. 
lower), with a loss of output nearly equal to the reduction in 
speed. If, on the other hand, power is furnished by a variable 
speed electric motor with a range sufficient to fill in between the 
mechanical steps, the tool may be driven always at the highest 
possible speed and maximum production. This is best illus- 
trated by the curves plotted from ates on a 72” lathe. 

Fig. 1 shows the cutting speeds and_ the time taken to 
face a 72” cast iron disc from.a maximum diameter of 72” to a 
minimum diameter of 6”, using three different steps of the cone 
pulley, the time for shifting the belt from one cone to the other 
not being included. The cone pulleys on a mechanically driven 
tool do not permit the tool to start at the maximum cutting 
speed, and in this case the mechanic, having no guide but his eyes, 
did not change the speed on the cone pulley as soon as desirable 


for greatest production. ; 
Fig. 2 shows a test on a similar lathe but driven by a 
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motor. With the electrically driven tool the cut begins and ends 
at the maximum cutting speed that the work permits. 

As will be seen from the curves, a belt driven lathe required 59 
minutes to complete the cut, while the motor driven lathe did the 
same workin 31 minutes. The electrically driven tool, therefore, 
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did the work in 53 per cent. of the time, or putting it in another 
way the belt-driven tool required 90 per cent. more time to do 
the same work. : 
With electrical control a man can keep his hand on the con- 
troller and his eye on the tool, increasing the speed from time to 
time. Being limited oniy by the temperature of the tool, it has 
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been found that much higher cutting speeds are unconsciously 
attained with a motor-driven tool than would be thought possi- 
ble were any fixed rule followed. It is therefore apparent that 
this increased production in many cases is so great as to fully 
justify the installation of an electric system, even if there were 
no other advantagés to be secured. 

The costs of motors vary with their size and (for a given horse- 
power) nearly in proportion to the variation in speed which can 
be obtained from them. The approximate relative sizes of the 
motors expressed in the horse-power capacity at which they 
could be rated at the maximum potential are about: 


RATIO OF 

SPEED MAXIMUM 
SYSTEM. VARIATION. H.P. 
| Two-wire ..... 50-100 100 
Three-wire .... 25-100 200 
Four-wiré ...... 16-100 400 
Four-wire ...... 12-100 600 


Beside the cost of the motor there is to be considered with the 
four-wire system the cost of the supply plant, that is, the gener. 
ators, motor-generators and conductors. 

The three-wire system is now generally employed for lighting 
and requires no special appliances. Nearly all central power 
stations distribute their current for lighting and power on the 
three-wire system so that it can generally be obtained and the 
erection of a special power plant avoided. The three-wire sys- 
tem can be always arranged so that the motors running at one- 
half potential will be equally divided between the two sides of the 
system, which will therefore be in balance, and as there is but 
. little or no current flowing in the neutral wire, it can be of nom- 
inal size. The three-wire system does not necessarily require 
two generators or a balancer set, an alternating neutral with 
cellector 1ings on the generator being extensively employed. 

The four-wire system requires a three commutator motor 
generator set which must have sufficient current capacity at the 
lowest potential to run all the motors that could ever be in ser- 
vice at one time at their full horse-power at that potential. The 
motor generator set and the heavy wiring for the low potentials 
of the four-wire system will much increase the cost, exclusive of 
motors as compared with a three-wire system. Ifthe motors are 
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made of sufficient capacity to run the rotary tools at reduced 
speed and the motor generator set and distributions cables are 
made of proper size to take care of the unbalanced load, the four- 
wire system will altogether cost several times as much as the 
three-wire system. 

In conclusion, I would say that in my opinion it will generally 
be found best to use motors with field control, allowing a total 
speed variation of 2 to 1 with the two-wire system or 4 to 1 with 
the three-wire system, be‘ieving that the four-wire system is too 
expensive for general application if the plants employing it are 
properly designed and equipped with large enough electrical 
apparatus. 

For reciprocating tools a two-wire system will meet all require- 
ments, and there are very few cases with rotating tools where it is 
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not better to vary mechanically the speed for greater than 4 to 1 
changes in speed. 

Thé most important consideration in the electric driving of 
machine tools is to make the control of the tool as convenient as 
possible and arrange the system so as to permit small changes 
in speed, and consequently be able always to drive the tool at 
its highest possible speed and greatest output. 


After reading the paper Mr. Blackwell said: I have a diagram 
of an actual test on two lathes, one with the electric motor drive 
and the other driven by cone pulleys and belts. The diagram on 
the left shows the cutting speed and time required to face a 
seventy-two inch cast iron disk, starting from the outside and 
working towards the centre. The workman started the machine 
as near the maximum cutting speed as possible, but it was not the 
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maximum speed he could get. In this case he started at 65 
feet a minute, and worked down to 30, which he thought 
was the right point to change, then he changed to the 
next cone of the pulley. The actual time required to finish 
that face plate was about 60 minutes. On the electric tool he 
had a variable field control and as he had the controller in his 
hand, he could watch his tool all the time; and he tried to run as 
near as he could to the maximum, which was supposed to be 
about 100 feet per minute. As a matter of fact, he got rather 
low. He started on 85 feet per minute, the variations being only 
4 or 5 per cent. The result was he kept cutting at 85 feet per 
minute throughout the run, and finished the entire cutting in 32 
minutes, practically half the time he took with the cone 
pulleys; that is about the experience of nearly every one who has 
had anything to do with electric driving of machine tools. The 
use of the electric drive nearly doubles the total output. 
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DISCUSSION. 


PRESIDENT Scorr:—We have had a meeting which is par- 
ticularly interesting, because all except two papers have con- 
sidered what is practically the same problem, the means of 
accomplishing the same end. We will have the discussion 
opened this evening by another gentleman who has given a great 
deal of attention to this same problem, Mr. Gano S. Dunn. 

Mr. Dunn:—The Company with which I am connected is at 
present engaged in litigation involving a number of the features 
presented this evening; and very greatly to my regret the 
attorneys of the company have requested that I do not take part 
in this discussion. However, as you have been so kind as to call 
upon me, I think.I may with propriety refer to certain matters 
relating to the general design of electric motors. 

Several of the authors describe systems in which a motor is ex- 
pected to give a constant horse power over a speed range varied 
from 1 to 2, by means of field weakening. This means that if a 
motor is fully loaded at a given speed, it will be called upon to take 
the same current and deliver the same horse power at double 
the speed, and with a field weakened 50 per cent. My experience 
is that it will not do this satisfactorily unless it is a special motor. 
The question is particularly important in connection with the 
operation of machine tools, on the system described by Mr. 
Storer, since the motor might be used to drive a lathe, where 
heavy torques occur in the lower ranges of the speed, when the 
motor runs with a greatly weakened field on 110 volts. The 
motor, which he describes as a 5 h.p. motor, running normally 
at 375 r.p.m., might be called upon for that 5 h.p. at a speed 
nearly equal to 750 r.p.m., under a field weakened nearly 50 per 
cent. If the motor is designed to give proper commutation 
with normal field strength, then in my experience it will not 
give it with only half of that field strength. A motor designed 
with an abnormal and excessive field strength is, of course, sus- 
ceptible of speed increase by a reduction of this excess, but such 
a motor is special and expensive. 

If you submit a standard motor to a similar degree of field 
weakening, the commutation will be unsatisfactory. Unsatis- 
factory commutation does not always mean sparking. It means 
commutation that in the course of time destroys the commutator. 

PRESIDENT Scotr:—As I intimated in my opening remarks, 
we are quite fortunate in having the actual apparatus which is 
presented by different companies for this class of work, repre- 
sented by representatives of the companies. While we regret 
that Mr. Dunn has found his limitations, for once at least, in dis- 
cussing the merits of the direct current motor, still the reason is 
one which we must, of course, respect; and we must remember 
that although there are often limitations of this kind introduced, 
particularly with regard to new subjects, we ought to be glad to 
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hear as much as possible from our members upon important 
subjects, even though they must stop when the limit comes We 
can hardly afford to decline to hear anything of a new subject 
simply because all cannot be told. _ Under such circumstances 
we would often have to wait until the subject became stale before 
we could learn anything about it. We will be glad to hear from 
Mr. H. E. Heath, of Windsor, Connecticut. 

Mr. Heatu:—I am obliged to you for calling on me, but I may 
say I have practically left this branch of the subject after having 
given it fifteen years’ attention. I agree with Mr. Dunn 
in saying with the ordinary construction of the standard motor, 
if you propose to get a wide range of speed by variation of field, 
it will necessitate the use of a much larger motor. But that is 
not saying that a special construction of motors cannot be used, 
because I know, and perhaps a number of other gentlemen here 
know, that a form of motor can te made that will give us practi- 
cally sparkless commutation over a fairly wide range, and still not 
be largely in excess, with regard to either cost or weight, of the 
standard motor. For reasons perhaps similar to those of Mr. 
Dunn, I do not: care to say much more about this. I think 
that within a year or so he will be at liberty so say a good deal 
more than he can now. . 

PRESIDENT Scott:—Will Mr. S. T. Dodd of the Stanley Elec- 
tric Manufacturing Company, favor us with some remarks? 

Mr. Dopp :—It is so late I really do not feel I should take up 
any time in discussing this subject. I was interested in Mr. 
Leonard’s article on the application of his multiple-unit voltage 
speed-control to railways systems. I would ask Mr. Leonard 
what facts he can give us in regard to the weight efficiency of 
such a locomotive as he describes. It will be impossible ever 
to apply suchasystem as he describes to single cars or small units, 
and the only field for such a locomotive will be for trunk line ser- 
vice. Now, let us consider a large locomotive like the B. & O. 
tunnel locomotive. The weight is 96 tons. I donot know exactly 
how much waste room or waste weight there is, but I do not think 
there is much of either. These locomotives are operated by a 
motor-generator booster set, which weighs 36 tons, and raises 
the voltage from 500 to 700. Suppose that these locomo-. 
tives were equipped on Mr. Leonard’s system and that each 
was furnished with a motor-generator, which instead of 
being a booster was capable of developing the whole current 
for the locomotive at full voltage, that is, had a capacity of about 
750 k.w. Such a motor-generator would weigh at least 50 or 60 
tons, making the total weight of the locomotive about 150 tons. 
Such a weight is not prohibitive, but it would seem to indicate 
that an electric locomotive equipped on Mr. Leonard’s system 
would weigh a good deal more than a steam locomotive for doing 
the same work. On the contrary, we have been anticipating and 
prophesying that the electric locomotive of the future would in- 
crease rather than decrease the weight efficiency of our moving 


units. 
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Presipent Scott:—A gentleman who has to do with motors 
at work is Mr. Arthur Williams, of the New York Edison Com- 
pany. We would like to have Mr. Williams give us his experi- 
ence in this matter, bearing on the general subject under dis- 
cussion. 

Mr. Wititams:—Our experience in applying motors directly 
to shop tools has been very much of the order described by Mr. 
Lozier, but I think, Mr. President, he takes almost too low an 
average for the demand upon the supplying service. If I under- 
stand his figures, this average is about 10 per cent. In my 
experience it is more nearly 25 per cent. to 30 per cent. 

There is also to be remembered in using for regulation the 
neutral wire of the three-wire distributing system, that large 
power loads are apt to unbalance the system ana lessen the 
quality of the service. That has to be very carefully considered. 
In New York are certain points where in single units, 120 volt 
motors are as large as 50 h.p., even larger, but there are few sec- 
tions of the system that can withstand so much unbalancing. 

It seems to me that these strides in the equipment of factories 
with individual motors are inthe right direction, and quite in 
line with what was predicted of the future at a meeting of the 
INsTITUTE some three years ago. The first cost of installing 
individual motors is much greater, but the difference is partly 
offset by the saving in shafting and beiting. As soon as the 
two methods are compared, one using belts and shafting and the 
other individual motors, there is no question whatever as to the 
inferences to be drawn in favor of the individual motors. Work 
can be turned out at sometimes 100 per cent. greater speed, and 
even higher percentages of increase, and there is great economy 
in power. I think it is not improper to say that the average loss 
of power in machine shops where belting and shaftirg are used, 
is 50 per cent. of the total power consumed; by using individual 
motors a very large part of this loss, not substantially all, can 
be saved andsuch savings aggregate a very large sum annually. 
The cost of power service, using individual motors, with current 
at 6 or 7 cents a kilowatt hour at the meter, is from $20 to $30 
a year perh.p. These figures are based on the capacity of the 
plant, and are actual in general machine shop work, and in 
several of the largest printing establishments. 

PRESIDENT Scott:—We have a gentleman with us this even- 
ing, who joined the InsTiTUTE in 1888, and he is therefore one of 
the oldest members, but this is, I believe, the first meeting of the 
InsTITUTE which he has attended. He is a man who has hada 
great deal to do with the subject now in hand, as he has been 
superintendent, and is now manager, of one of the largest 
machine shops of the country, in which electric drive is employed, 
and he may have a few words to say in regard to this subject. f 
refer to Mr. Philip Lange of Pittsburg. 

Mr. LancxE:—I do not believe that I can add anything to 
what has been said about controlling variable speed direct cur- 
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rent motors. All of the machinery of the establishment with 
which I am connected is driven by constant speed two-phase 
motors, and we have been compelled to accomplish with alter- 
nating current motors those results which were pointed out as 
having been accomplished by direct current motors. Most of 
our tools are grouped, and we are using the individual motor 
drive only for some large tools, and there we accomplish the 
variations in speed by some mechanical devices such as variable 
speed counter shafts, nests of gears, etc. I fully agree with Mr. 
Blackwell's statement that it is very important to provide means 
to vary quickly the speed of tools in order to get results such as 
he described; in one instance, reducing the time required for 
machining by one-half by the use of a proper speed controlling 
device. We have accomplished similar results by mechanical 
speed varying devices, as the aiternating current motor is not 
very well su'ted for speed adjustment e 

If any of the gentlemen present wish to ask any questions as to 
how we accomplish some of the results we have attained by 
means of alternating current motors, I am ready to answer, but if 
cannot add anything to what has been said regarding the per- 
formance of direct current motors. 

Mr. CHARLES Day:—lI have been very much interested in the 
papers of the evening, which have described in such detail the 
varions systems of obtaining variable speed by means of the 
direct current motor, but I have not as yet heard a satisfactory 
answer to the question asked by the President when opening this 
discussion, a question of utmost importance to al. manufacturers 
contemplating improvements or extensions to their machine 
shops—does it pay to put individual motors on machine tools, 
and if so, does it pay to go to the additional expense of obtaining 
variable speed? , 

Mr. Lozier touched on this subject in the latter part of his 
paper, where he referred to the radical changes that shop manage- 
ment and practice have undergone during the last few years. 

Over seven years ago Mr. Horace L. Arnold wrote a splendid 
article on this subject entitled “ Production to the Power Limit,’’* 
stating in the most forcible manner the principles underlying 
economic production. It seems to me that any one who is con- 
templating the advisabliity of driving machine tools with indi- 
vidual motors, could not do better than read this short article 
and then endeavor to follow up this line of thought by making a 
most thorough study of the requirements of each particular 
machine. : : 

During the past three years few subjects have received more 
attention in the technical papers and engineering organizations 
than the use of the motor as a means of driving machine tools, 
but so far the discussions have usually dealt with details of 
motor design and operation, or the advantages derived ‘from 
electrical driving only, considered in the most general way. It is 
time that we consider this subject from a broader standpoint, 


~ #See Engmmeering Magazine, August, 1895. 
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giving the motor the position that it rightly holds, but not losing 
sight of other factors, the development of which are essential to 
che efficient operation of the scheme. 

If a machine shop is to be run in the same way after the intro- 
duction of a costly system of motor driving as before such an 
expenditure, interest and depreciation will not be made on the 
investment. On the other hand, the shop superintendent who is 
thoroughly alive to the possibilities in machine shop work may 
find in the motor a solution to certain details which make possible 
the highly efficient results he is aiming for. 

Ease of handling and close speed regulation, the principal 
advantages claimed for the variable speed motor, are terms that 
can only be used in a relative sense; and the saving effected by 
bettering these conditions will only justify a certain expendi- 
ture, therefore the cost of different methods of arriving at the 
results should be most carefully considered. 

One of the speakers said in the discussion that the problem of 
machine tool operation had been turned over to the electrical 
engineer, the mechanical engineer failing to accomplish the 
desired result. 

I feel that it is a great mistake to intimate that a field of as 
broad a character as the one we are discussing should be entirely 
in the hands of any one division of engineers, their combined 
efforts being necessary if the desired result is to be arrived at in 
the least time. There is no definite amount of data that can be 
placed in the hands of the electrical engineer to form a basis for 
his work, but he must personally familiarise himself with every 
detail of shop equipment, methods and requirements before the 
need of certain improvements is felt with sufficient force to call 
forth his best efforts in design and construction. The impres- 
sions and convictions that one arrives at after earnest study of 
present conditions and possibilities in the machine shop lose their 
force when repeated to another party, and the relative impor- 
tance of all the details that make up the general scheme is lost 
entirely. 

Such details as the total range in motor speeds and the num- 
ber of running points required, differ in each of the systems 
described this evening, and if we wish to decide which one to 
adopt we must know the character of the metal we are machin- 
ing, the cuts we can remove and the speed made possible by 
the tool steel used and the facilities for driving the work. The 
means provided for determining the cutting speed is another 
important factor, as is the ability to use the apparatus to its 
full efficiency under working conditions that determines its real 
value. I have seen over and over again controllers designed to 
give a speed regulation of 5 per cent. introduced into machine 
shops where the operators had no facilities for judging the correct 
cutting speeds closer than 30 to 40 per cent., the advantages of 
the much-talked-of close speed regulation being entirely lost. 

Mr. Blackwell stated that 4 to 1 was sufficient range in speed of 
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efficiently machining any given piece of wore, and dwelt at some 
length on this particular case, showing charts of the savings 
effected by the use of a variable speed motor. In shops doing a 
general line of work, it is very seldom that work turns up where 
the tool cuts from the outside to the center, and this problem is 
never the deciding factor in the range required. Speed control 
is obtained in nearly every case by a combination of mechanical 
and electrical means, the motor range and gear ratios depending 
upon the machine, and the average variation in diameters and 
kind of material handled. 

When attaching motors to old tools, such as lathes and drill 
presses we must, as far as possible, adapt our speed range to the 
present gear ratios, in some cases by introducing additional gears, 
and in others without change to the machine. We have found 
that the gear ratios vary from 3 to 1 up to 15 to 1, depending 
on the size and character of the machine. 

We have frequently endeavored by careful figuring to show 
just what saving would be effected by replacing the belt and step 
cone by a variable speed multi-voltage system, assuming in each 
case that the equipment was driven to its full capacity. 

Taking into account all the limitations arising from variations 
in material, and so on, we have found it hard to show by such 
comparison a saving greatly in excess of the interest and depre- 
ciation on the investment. It is, however, the indirect savings 
that make the motor of such. value as a method of operating 
machine tools. The power limit on most of the standard ma- 
chines is absurdly low when we consider the high cutting speed 
that the modern air hardening steels permit of. On large 
machines, such as boring and turning mills doing general work, 
it is impossible to have the machinist shift his belt as often as he 
should, as by so doing he would be physically worn out at the end 
of each day, or if such a condition can be arrived at it would only 
last a short time, the workman soon relaxing his efforts until the 
old conditions exist again. The motor with its great facility of 
control removes all these difficulties, and but small incentive is 
necessary to assure the continued efficient operation of the plant. 

We must ever bear in mind, while considering machine tool 
driving, that it is inconsistent to spend all our energy to develop 
one detail while other equally important factors are ignored. 
The feed mechanism on a lathe, for example, is too often neglected 
and so it is with many other details. 

I want to call attention before closing my remarks to the 
erroneous impression usually conveyed when citing as a charac- 
teristic example the time saved on a given job; such data has no 
real value unless we know just how long the tool runs under cut, 
the hours it is working each year, the wages of the operator and 
many other details’that it is impossible to carry in one’s head. 

At the works of our clients, the Link Belt Engineering Company 
Nicetown, Pa., we have obtained data extending over four years 
from which we can figure the pound price of their product. 
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After taking into account every factor which might in any way 
affect the result and deducting 10 per cent. which was given the 
workmen in changing from a 10 to a 9-hour day, we can show a 
clear saving of 30 per cent. on the entire labor bill. This is due to 
better methods, tools, and tool steel, and better methods of driv- 
ing the machines; and the saving is largely in excess of the in- 
terest and depreciation on the entire expenditure necessary to 
effect it. 

It seems to me that if shop managers who have installed the 
motor as a means of driving individual machines, would endeavor 
to get data of this kind, the advantages which can be derived 
from such an installation would be made evident and aid greatly 
in the general adoption of such systems. 

PRESIDENT Scotr:—Mr. Day’s remarks seem to me to be an 
elaboration of the first sentence which I used in introducing the 
pavers on this subject, to the effect that applications of electricity 
lead to the revolution of old methods as well as to the evolution 
of new ones. What he says reminds me of the remark which I 
heard the superintendent of a factory which is at present en- 
larging its capacity, make within the past week. He said that of 
the new machines which were being ordered, a very large number 
were ordered specially, at an excess cost of 50 per cent., simply in 
order that they may be mechanically strengthened so as to stand 
the high speeds at which it is expected to operate them. 

If there is no one else who wishes to add to the discussion we 
will close by calling on those who have read papers. I will call 
upon the gentlemen in the inverse order. ; 

Mr. Lozrer:—One point that has been referred to by Mr. 
Williams is the question of distributing motors over a system 
operated by three-wires. If you divide the number of motors by 
6 you get a smaller quantity than if you divide by 2; in other 
words, if you are using a three-wire system, with only two volt- 
ages, and these voltages cannot be combined to give three volt- 
ages, the motors will bunch up on one voltage much more than 
if you distribute them among the six. We have not found that 
the balancer is at all disturbed by the motors running at any 
one speed bunching up on one voltage. 

I would like to go on record to say that it is up to the tool 
builder to give us tools that will be strong enough. 1 say this 
in order to help the general cause, because at present we are 

-limited in the output of the tools, because they are not strong 
enough. 

Mr. N. W. Storer:—I believe the only question raised in 
regard to my paper was brought up by Mr. Dunn in reference to the 
commutation of the motors with a weakened field. He claims 
that it is impossible for a standard motor, properly designed, to 
commutate with a field one-half its normal strength. Iam en- 
tirely unable to agree with Mr. Dunn. Referring to the point I 
sought to bring out in my paper, I gave as an example a 10 h.p. 
220 volt low speed motor. Running at half the voltage and 
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half the output, the current in the armature would be the sam» 
as at the normal rating of lOh.p. It ought to be well understood 
that a motor running at a lower voltage than its normal will com- 
mutate through a greater range of load with a weak field. I be- 
lieve Mr. Dunn will agree with that. If you consider the Ward 
Leonard system, which is quite well-known, you will find a 
generator which commutates from possibly one-fifth or one-sixth 
of its normal voltage up to its maximum voltage with any load 
within its range. I have not heard that point questioned to- 
night. It is possible that that is quite a special generator, but I 
do not think you will find it so. A-low voltage gives greater 
possibility for the motor, and the standard motor on a low 
voltage, the motor being properly designed, ought to be able to 
commutate with an extremely weak field. I have run these 
motors to the point where the field was only one-half the strength 
of the armature, and they were perfectly stable. It is well known 
that in designing and in building motors of different sizes, 
standard parts may be variously combined for specific purposes, 
so that it is very simple in some combinations to get better pro- 
portions than would be made if one were to design especially 
for some exact condition. It is so with a 220-volt motor. Ido 
not think there is any difficulty in reaching*the condition which 
I outlined in my paper. Mr. Dunn made the point that this 
would be a special motor. It may be a specially good motor. 
It is a standard make of motor, however. Will a motor used on 
the multi-voltage system be a standard motor. The example 
which I gave you called for a 20 h.p. motor, rated normally at 
220 volts and 1,500 r.p.m., and it met the conditions which I gave 
for a 5 h.p. variable speed motor. Prominent manufacturers 
do not make 20 h.p. motors, normally running at 1,500 r.p.m. I 
do not think there is anything in the market which calls for such 
a motor, with a range of speed of only 4tol. Ifyouhave 6 tol, 
unless you get 200 revolutions or thereabouts for minimum speed, 
which makes an enormous motor, you will have a normal speed 
of the motor of possibly 2,000 or 2,500 revolutions. Such a motor 
is not a standard motor. That is a point you must consider. 
You might take a 110 volt motor, and in that case you would 
have to run it at double its normal voltage, and it would have to 
be an especially good 110 volt moter. 

These are some of the points which must be considered. The 
three-wire system requires a somewhat different type of motor; 
it is primarily a good commutating motor, and I believe there are 
a half dozen different firms in the country which are putting out 
such a motor. A multi-voltage system requires a special motor, 
or a motor designed for a speed out of the range of what is 
ordinarily required. It must be designed with the idea of using 
- Gt for the multi-voltage system. Mr. Heath, I believe, agrees 
very nearly with me in that respect. He claimed that while the 
standard motor ordinarily would not do that, it was usual to 
make a motor which would do it with practically no increase in 
cost. That is what should be done. 
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In regard to Mr. Leonard’s paper, Mr. Dodd struck the nail on 
the head. Such a system, I believe, will increase the weight 
of the locomotive far beyond what is ordinarily required for the 
power of the locomotive. I believe if you take a large locomo- 
tive, you will have scarcely any excessive weight necessary, if 
you consider the motors and the necessary parts of that loco- 
motive. This is my experience in figuring on railway work, 
and I believe if you add to these a motor-generator outfit you 
will have a locomotive which is 50 per cent. heavier than it 
should be. 

Mr. H. Warp Leonarp:—Before touching upon the question 
of the weight of the locomotive, I would like to make a slight 
response to the point that the multi-voltage system requires 
something special in the shape of a motor. I think if there is 
any system that requires nothing more than the simplest stand- 
ard form of motor, it is that system. ° The first time the multi- 
voltage system was tested was when I presented it to William 
Sellers & Co., in 1891, and the simple standard shunt motor in use 
at that time was tested over the entire range of the various 
motors touched on this evening, with perfectly satisfactory 
results in every way. 

As te the locomotive question, I will not spend any time on 
the B. & O. locomotive, which, although historically interesting, 
we all know is absolutely uncommercial as a possibility in the 
direction of freight haulage on trunk line service. I think it is 
likely there is not much rooni on that particular locomotive for a 
motor-generator, as I know that after the locomotive had been 
put in service, the company which built it, carefully considered 
whether they could put a motor-generator on it, and apparently 
they did not find room for it. As to the question of the effect of 
the weight of the motor-generator in locomotive practice, I beg 
to point out that the heaviest locomotives which have been made 
in recent years, such as the decapod locomotives, have only 
about 50 per cent of their entire weight on drivers (including 
tender). When the cylinder capacity was then.increased in an 
endeavor to secure better power results and to secure larger 
tractive effects, the next difficulty that was met was that they 
would too readily skid the wheels as the weight on the drivers 
was not sufficient to take care of the power produced, and 
various complicated devices have been invented and used in 
recent years to shift a part of the weight of the locomotive when 
starting the load, in an endeavor to secure more weight on the 
drivers at that time. It is, therefore, not only important, but 
. really essential that you get more weight upon the drivers of any 
locomotive such as I am considering than the weight of the 
motors alone would give you. Furthermore, admitting for the 
sake of argument that the point is well taken that the dead - 
weight hauled is increased by the motor-generator, I still wish to - 
point out that the weight of such a motor-generator would 
not compare with the weight of the propelling motor, nor 
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with the weight of a motor-generator, such as is put ina 
substation. Such a motor-generator as would be em- 
ployed on a locomotive would be comparable with generators 
that are driven by steam turbines, as to size and weight, and if the 
gentlemen who have spoken on this subject are interested in fol- 
lowing the matter further they will find quite detailed figures as 
to the weight of the motor-generator relative to the total weight 
of the locomotive in a paper read before the Zurich Electrical 
Society by Mr. Huber, last spring, describing locomotives of the 
Oerlikon Company, which are being built on my system, and 
which will go into commercial use on a government railway in the 
next few months. Still, however, going back to the matter of 
the weight, I wish to point out that if the present type of steam 
locomotive, having 50 per cent. of its weight on drivers, could be 
so made as to utilize double the horse power it now has, even 
though only 50 per cent. were on drivers (the remaining 50 per 
cent. of dead weight being more than equivalent to having to 
haul the motor-generator), the effect of such a locomotive as that 
would be enormous in the economies it would accomplish in the 
haulage of freight at the:present day. There is scarcely a rail- 
road in the United States that is not struggling with the 
problem of hauling its freight and what is wanted is locomotives 
which will haul twice as many tons as are now hauled; and 
even though it be a fact that in my system a few more tons are 
placed on the locomotive—50 or 60 tons or any such figure—when 
compared to the entire weight of a 3000 ton train, the haulage of 
this slight additional weight becomes entirely insignificant. 
[COMMUNICATION AFTER ADJOURNMENT.] ; 
Mr. Dow1e:—In connection with Mr. Leonard’s paper regarding 
speed control of individual motors on locomotives, it may be inter- 
esting to compare the well-known Ward Leonard system of con- 
trolling direct current motors with some slight modifications of 
this system. The names given are sufficiently well known not to 
require any detailed description of the apparatus employed: 


Ward eonard so oe cles vias TOO ettSael2o. Loel, | 271 
BG0st cc Retards 2. i. ss ss eet 100 74 | 614 | 2354 | 1354 
Teaser, Boost & Retard.....} 100 49 | 42 | 192 J 
Equalizer, Teaser, Boost & 

J OSClNG bo baer eerie yee naire ein 100. 4> 21 [.18--(:139 39 


Column No. 1 gives capacity of working motor. 
No. 2 gives capacity of generator of motor dynamo 
based on 90 per cent. efficiency and 334 per 
cent. allowance for weakening of field. 
i No. 3 gives capacity of motor of motor dynamo, as- 
suming £0 per cent. efficiency. 
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Column No. 4 gives total capacity of machines required. 
“ ~ No, 5 gives the excess capacity above that of the 
working motor. 

It will-of course be understood that the controlling apparatus 
becomes more complicated as thé systems progress, but suitable 
controllers could be designed to give a iull range of speed from 
zero to maximum in either direction. 

In connection with the remarks made on multiple voltage sys- 
tems, it is pertinent to call attention to the desirability of con- 
fining the range of voltage to as small limits as practicable. 
Where a wide range in voltage is used an excessively large motor 
must be employed, the wiring of the whole system must be 
heavy, especially the wiring of the small branch circuits and of 
the individual motors,—the use of circuit breakers on the 
individual motors is impracticable, because the size of balancing 
transformers becomes excessively large and the cost of installa- 
tion is excessive. ; 

If we can obtain a suitable direct current motor which will give 
a range in speed on constant voltage of about 3 to 1—and such a 
motor is entirely possible—then by the use of suitable changes of 
gearing we can obtain as wide a range of speed as is usually 
desirable. We avoid the complication of multiple voltage. wir- 
ing, of special controllers, and the constant loss of the balancing 
transformer. 

In order to obtain a very wide range of speed it is necessary to 
use changes of gearing; the question, therefore, to be determined 
is, how far shall the electrical variation be carried before the 
mechanical changes are introduced? 

In designing shop equipments, not only must the best methods 
of obtaining variable speed be considered, but also care must be 
taken to install apparatus large enough to handle the increased 
output which is sure to follow when a system has been installed 
which provides easy means of adjusting the speeds of the tool. 

Mr. Cono:—As my paper provoked no discussion, I] must 
either take it for granted that the gentlemen agree with me, or 
that they did not consider the paper worthy of comment. 

With reference to Mr. Leonard’s remarks, it seems to me that 
before the greatly increased speeds which we can obtain by 
means of electric locomotives and various forms of speed control, 
can be of any material benefit, it will be necessary for us to in- 
crease our track capacities enormously. . 

For the benefit of Mr. Dunn and Mr. Heath, I will say that if 
they will call at my office I will show them a motor which has a 
speed variation of 300 per cent. by means of field control, and 
which does not spark at the commutator. 

PresiIDENT Scotr:—If no one has anything further to add to 
the discussion, a motion to adjourn is in order. 

[Adjourned.] 
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CoMMUNICATION AFTER ADJOURNMENT By Geo. A. Damon. 


The selection of the proper method of motor application and of 
speed control involves so many considerations that it seems to 
be a difficult matter to evolve what might be termed ‘‘ standard 
practice’’ from the various methods offered. We are therefore 
fortunate in having the subject presented from different points of 
view and it is to be hoped that the discussion of these papers in 
the various INSTITUTE meetings will indicate the ‘‘ tendency ” 
of engineering practice along these lines. 

There can be no doubt that the individual motor is gaining 
favor as the advantages of its use become more generally under- 
stood and as the investors begin to appreciate the dividend earning 
possibilities of an investment in electrical drive equipment. It is 
therefore possible for an engineer in planning a new shop to pro- 
vide for a separate motor on each machine and it would be in- 
structive to determine under what circumstances such a course 
is justifiable. 

If the shop is to have an entirely new equipment of tools, then the 
use of a separate motor for each machine should be carefully con- 
sidered. Nearly all the tool builders are re-designing their 
products so as to accommodate the individual motor and the 
results indicate that the more flexible connection of power and 
the wider range of speed control made possible by the motor drive 
has allowed for a great improvement in the design of the tool 
itself. With the higher cutting speeds made possible by the 
individual drive,with the deeper cuts allowed in new steel and 
other materials, it is not unreasonable to expect the new tool, 
which has been designed with these improved conditions in view, 
to have an output capacity at least 50 per cent. greater than a 
tool for the same class of work but of the former belt-driven type. 
Under these conditions the individual motor appears to be good 
practice. But it more often happens that the shop tool equip- 
ment isto include a number of tools which have already been 
used in the old shop and which are poorly adapted to the direct ap- 
plication of individual motors. Take, for instance, a group of 
lathes driven by belts from speed cones. To put an individual 
motor on each lathe would require a multiple voltage or double 
commutator system of speed control, either of which would in- 
volve an investment in motors and controllers and wiring at 
least six times as large as the cost of one line shaft motor to drive 
the entire group and in addition to this, is the expense of special 
brackets and mechanical connections between the motors and 
the tools. Under these circumstances, it is problematical 
whether or not the extra investment in electrical equipment is to 
be justified. The “ tendency” at present seems to be to arrange 
the old belt driven tools in groups, allowing a ten to twenty 
horse-power motor for each group. 4 ts ae fart 

If the shop is to run on a “piece work” “premium” or similar 
system of compensation for its mechanics, then the use of elabor- 
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ate systems of speed control for individual motors may be jus- 
tified. If each operator has a constant incentive to keep the 
output of his machine up to its full rated capacity for a given 
grade of work—and it is possible to vary this output by changing 
the speed of the machine by easy steps through a wide range— 
then the results obtained by the most efficient operation of the 
tool at all times may make insignificant the question of the extra 
investment required to install the control system. 

On the other hand, there are situations in which an easy 
method of controlling the speed may be a disadvantage. Fora 
large printing establishment, it was found necessary to design a 
device to lock the speed controllers so that if the press was run at 
all it was operated at a given speed, which speed was determined 
by the foreman for each job. In this way, it was made impossi- 
ble for the feeder to soldier on his work behind the bosses’ back. 
This incident is intended to emphasize the idea that if full 
advantage is to be taken of refined methods of electrical control, 
the operators in charge should also be worked up to their highest 
efficiency. 

The practice at the present seems to be to put all tools requiring 
5 h.p. and over on the individual motor basis and group ail the 
smaller tools. There is certainly a tendency toward equipping 
even smaller machines with separate motors, down perhaps to 
3 h.p. and also a corresponding tendency to reduce the size of the 
shafting motors driving groups, with the idea of having, as far as 
possible, one standard size for shafting motors all through the 
plant. 


BRANCH DISCUSSIONS. 


Discussion AT PittsBurG, Dec. 4, 1902. 

The meeting ‘was called to order by P. M. Lincoln, who read 
extracts from the President’s introductory remarks at the New 
York meeting, November 21, 1902. 

The papers presented at the New York meeting were then ab- 
stracted as follows: 

N. W. Storer abstracted his own paper, ‘‘ The Three Wire 
System in Variable Speed Motor Work,” and F. O. Black- 
well’s paper, ‘‘ Motors for Machine Tools.” 

H. P. Maxim abstracted paper by H. B. Coho, ‘ The 
Storage Battery as a Factor in Speed Control.”’ 

W. A. Dick abstracted paper by Geo. W. Fowler, “A 
Series-Parallel System of Speed Control.” 

E. M. Tingley abstracted paper by H. Ward Leonard, ‘‘Multiple- 
Unit Voltage Speed Control for Trunk Line Service.”’ 

R. W. Stovel abstracted paper .by R. T. Lozier, ‘‘ The’ 
Operation of Machine Shops by Individual Electric Motors.” 

G. H. Gibson then gave a resumé of the New York dis- 
cussions upon the above papers. 
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qa Lhe discussion as to the advisability of supplying tools with 
individual variable speed motors was participated in by Messrs. 
Stovel, Storer, Dusinberre, Dick, Lincoln, Campbell, Winslow 
Tingley, Stevenson and Barr. In this discussion the fact was 
brought out that where individual motors have been installed, 
the testimony is universally in favor of the system. The advan- 
tage of the individual motor system over the group system is not 

_so much a question of efficiency as of greater convenience and 
increase of shop output. Numerous cases were cited of plants 
that had been equipped with individual motor-driven tools 
where the output had been very considerably increased and 
the quality of the work improved. 

The discussion of Mr. Leonard’s paper was participated in 
by Messrs. Storer, Tingley and Barr. It was generally admitted 
that the smoothness of speed control obtained by this system 
was ideal, and that a single trolley was the most feasible method 
for conducting current to the car. It was, however, pointed out 
that a single phase motor is difficult to start and time is required 
to synchronize. It may be started by means of a storage battery 
or by a split phase starting motor. A change in line voltage, the 
jumping of the trolley, etc., is almost sure to throw the motor 
out of synchronism. The motors on the different cars of a cer- 
tain section are in synchronism and therefore rigidly connected 
together. Should one motor get out of step the remaining motors 
on the section would also get out of step.’ The single-phase motor 
is more subject to “ pumping ”’ than the polyphase motor and in 

- general it is much more difficult to operate and is more liable to 
trouble. The apparatus on the locomotive is very expensive, 
notwithstanding that it may be driven at high speed. On ac- 
count of the heavy starting current demanded from the generator 
with low field charge, it is necessary to make the generator with 
large overload capacity. 

A number of claims are made in Mr. Leonard’s paper as to the 
advantages of his system. It was pointed out that the reason 
for these different claims was not clear from the paper; and ex- 
ceptions were taken to many of them as follows: 

Second Claim: *‘ A material reduction in the cost of mainte- 
nance of locomotives as compared with steam locomotives.” 

It was pointed out that the depreciation of the direct current 
‘generator operated at very high speed would be large on account 
of the fact that it must deliver heavy starting currents at low 
voltage, which would make good commutating conditions ex- 
tremely difficult to obtain. 

Sixth Claim: ‘‘ A material reduction in the dead load neces- 
sarily hauled by a steam locomotive, represented by the part of 
the steam locomotive and tender not on drivers.”’ 

It was pointed out that the weight of the electrical equipment 
of the locomotive would be extremely heavy and at least 50 per 

_cent. greater than would be necessary to give the necessary 
tractive weight on the driving wheels. 

Seventh Claim: “ * * * avery much higher rate of accel- 
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eration with the same maximum output from the power house, 
the same conductors, the same weight per train and the same 
watt-hours per ton mile, than is possible with the series-parallel 
or cascade systenis.”’ 

Exception was taken to this claim on the ground that even if 
the claim is true on a trunk line railway, the gain of acceleration 
is of no material importance. - 

Ninth Claim: ‘“‘ Fifty per cent. of the energy now wasted on 
friction brakes can be saved in the form of useful electrical 
energy restored to the system.” 

Regarding this claim, it was thought that while it was possible 
that 50 per cent. of the energy expended in braking might be 
returned to the system under certain favorable conditions, it 
would ordinarily be very much less than 50 per cent., and for 
trunk line service the amount of power saved by this feature 
would be negligible. 

Tenth Claim: ‘‘ The first cost of equipment will be very much 
less than that of any system for equivalent service which in- 
volves the use of sub-stations.”’ 

The first cost of the equipment will depend upon the number 
of locomotives employed. If the number is large, the first cost 
will probably exceed that of a system involving sub-stations, as 
the cost of the locomotive equipment will be very high and the 
cost of motors will be higher than the cost of series motors for the 
same service. 

In the discussion of Mr. Coho’s paper, Mr. Maxim was asked 
for information regarding the operation of a series of storage cells 
when the load is drawn from only a portion of the cells in the 
series. Mr. Maxim stated that the cells from which the load is 
taken would be discharged more than the remaining cells, but 
that this difference was ordinarily not serious and when the bat- 
teries were again charged, the cells from which the load had not 
been taken would be slightly overcharged. 
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[COMMUNICATED AFTER ADJOURNMENT BY Mr. H. Warp LEon- 
ARD, IN REPLY TO PAPERS AND Discussion, NEw York, 
NovEMBER 21; Pittspurc, DECEMBER 4, 1902]. 

After the meeting at New York City, Mr. Dowie presented a 
table giving the capacity of the rotary converter in comparison 
with the capacity of the propelling motors. 

For the simplest form of my system, as described in my paper 
of November 21st, Mr. Dowie places the capacity of the generator 
at 148. when the motor capacity is 100. He states that this is 
“based on 90 per cent. efficiency and 33} per cent. allowance for 
weakening of field.”’ 

If by “ capacity,” Mr. Dowie means kilowatt capacity, his 
figure of 148 isincorrect. I point out that the kilowatts supplied 
by the generator are practically identical with the kilowatts 
received by the motor in any of the modifications of my system, 
since there is no loss of energy in rheostats in the armature circuit. 

If by “ capacity ’’ Mr. Dowie intends to mean the weight of the 
apparatus, which seems to be the only other possible interpreta- 
tion, I wish to point out that the rotary converter would, of 
course, in practice be operated at much higher speeds than the 
propelling motors, and that consequently the weight per kilowatt 
would be very much lower for each half of the rotary converter 
than in the case of the propelling motors, so that Mr. Dowie’s 
figures of 148 for the “ capacity ”’ of the generator to supply a 
‘capacity ’’ of 100 in the motors is quite incorrect under any 
possible interpretation of the word “ capacity.” 

Mr. Dowie’s table shows that by the use of my “ boost and 
retard ’’ system, described before the Institute November 18, 
1896, and more fully described in my patent No. 572,903 of 
December 8, 1896, the capacity of the converting apparatus can 
in certain instances be reduced to one-half of that necessitated 
bv the simplest form of the system, and that in other forms of 
the system the capacity of the converting apparatus can be still 
further greatly reduced, but at the expense of simplicity. All 
of the figures presented by Mr. Dowie in his table can be still 
further reduced, if they are intended to refer to weights, by 
reason of the higher speeds referred to above, and by other 
modifications of the system, not mentioned by him. 

The printed record of the Pittsburg meeting of December 4, 
1902, shows that exception was taken by certain speakers to 
several of the claims I made for my system, because the reason 
for these claims was not clear from the paper itself. I made the 
paper as brief as possible, expecting that in case the claims I 
made were not admitted, that the discussion would enable me 
to explain fully my basis for making the claims. 

The first point questioned was my claim that the system 
would effect a material reduction in the cost of maintenance of 
the locomotives as compared with steam locomotives. 

The steam locomotive has a steam boiler the depreciation of 
which is quite high; and the multitude of reciprocating parts and 
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the necessity of perfect alignment and adjustment upon a rigid 
wheel-base cause a depreciation which is extremely high, as 
compared with an electric motor, particularly when the electric 
motor is one in which the field current is never opened, and the 
armature circuit is never opened. 

So far as the propelling motors are concerned, all of the depre- 
ciation met with in the series type of motors now in use, due to 
the sudden breaking of the main current passing through the 
armature and field, is entirely avoided. 

This sudden opening of the circuit of the present type of 
series-wound motor is probably the principal cause of deprecia- 
tion in the present railway motors, and it seems a marvel that 
the depreciation is not even more, in view of the terrific abuse to 
which all insulations are subjected to by this sudden rupturing 
of the current passing through the armature and field in series. 
It will be evident that the larger the series motor the worse 
this difficulty becomes. In my system the conditions are the 
most favorable possible to keep the depreciation of a railway 
motor to a minimum. As.to the depreciation upon the rotary 
converter, the conditions are even more favorable; for it is 
entirely on springs relative to the roadbed, is in a clean, dry 
location and under continual observation. 

The tests of this Heilman locomotive and the numerous 
applications of my system which have been in use for many 
years upon elevators, printing presses, traveling cranes, etc., 
show conclusively that the depreciation suggested, due to 
sparking at the generator brushes, is no more than that met with 
at the commutator of an ordinary incandescent lighting gener- 
ator. Those desiring to verify this can readily do so by inspect- 
ing the elevator plants in the Singer building, the Fahys building, 
the Sampson building, the Gillender building or the New York 
Athletic Club, all in New York City. 

Mr. Keilholtz, in his paper at the same meeting, in describing 
a coal hoist operated by a 100 h.p. motor, with my system, stated 
that the cost of operation and maintenance was less than that of 
a steam hoist. I therefore think that there can be no reasonable 
doubt that the depreciation of a locomotive on my system will 
be materially less than that of a steam locomotive. 

The next point criticized was my claim that I could effect ‘a 
material reduction of the dead load necessarily hauled by a 
steam locomotive, represented by the part of the locomotive and 
tender not on drivers.’ It was said in criticism of this claim 
that the weight of the electrical equipment would be extremely 
great, and »t least 50 per cent. larger than that required to give 
the necessary tractive effort on the driving wheels. 

In answer to this, I refer to my statements above, from which, 
I think, it will be apparent that the weight of the locomotive 
will not be increased 50 per cent. by the added weight of the 
rotary converter. But for the sake of argument, I will suppose 
that the rotary converter does add 50 per cent. to the weight of 
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the locomotive; how do we then compare with a steam locomo- 
tive of equal tractive effect? Under this admission, one-third 
of my locomotive is an unnecessary weight, but every pound of 
it is on drivers and is therefore available to produce tractive 
effort; whereas in the standard heavy freight locomotive of 
to-day the weight of the tender and the part of the locomotive 
not on drivers is far in excess of one-third of the total weight of 
the locomotive and tender, and this weight, not on drivers, is of 
no use under any circumstances. 

It does not seem to be appreciated by those making this 
criticism that the chief problem in the railway freight service 
to-day is, how to secure largely increased tractive effort in a 
locomotive, as the economies in freight haulage are almost 
directly proportionate to the tractive effort of the locomotive. 

In the steam locomotive it is difficult to increase materially 
the number of drivers, because of the necessarily rigid wheel- 
base of the locomotive, which cannot be lengthened beyond a 
certain point on account of the difficulties in getting around 
curves. 

The weight carried upon each driver has in recent years aiso 
been forced up to its limit upon existing roadbeds. What is 
needed is more drivers upon a flexible wheel-base, while keeping 
the weight per driver as at present, and this can be readily 
obtained with my system, as the parallel rods are then entirely 
unnecessary, although they probably would be necessary in the 
case of any form of series motor. In explanation of this, I point 
out that with a separately excited motor field, the motors could 
not skid and race up to full speed when starting a train, even 
upon a slippery piece of track; whereas with any form of series 
motor, the maximum joint tractive effort could only be obtained 
by the use of the very objectionable parallel rods, which all 
railway engineers would like to avoid. 

My claim was questioned that the first cost of equipment for 
my system would be very much less than that of any system for 
equivalent service which involves the use of substations. This 
seems to me almost self-evident when one considers the tremen- 
dous reduction in the cost of copper for the transmission, and the 
fact that the capacity of the rotaries in the substations must be 
several times that represented by the average demand, in order 
to take care of the much heavier starting current needed, and 
also to provide against breakdowns or an unusual congestion of 
trains. With my system, the rotary converter on each locomo- 
tive has a capacity adapted to the motors and need not have any 
such excessive margin. 5 

On the other hand, each substation also involves real estate 
and buildings. Even under the very favorable conditions for 
substations in London, on account of the density of the traffic, © 
the cost of the substation system as brought out by the arbitra- 
tion proceedings in the recent Yerkes case, and based upon the 
figures given by the advocates of the substation system, was 
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about $30 per kilowatt, for the rotary substations and $34 per 
kilowatt for conductors (Engineering, November 8, 1901). ; 

With my system, the cost per kilowatt for the converters 
would be much less than $30 per kilowatt, and the cost of 
conductors would probably not exceed $10 per kilowatt. Ifa 
similar comparison were made upon the basis of trunk line 
freight service, instead of the heart of London, the cost of my 
system would not be materially affected per kilowatt, whereas 
the cost of the substation system would be enormously increased 
and in fact would become so large as to make any serious con- 
sideration of it almost absurd. 

I do not admit that the series motor is cheaper per kilowatt 
than the separately excited motor of my system. On the 
contrary, I think that the separately excited motor when made 
in the same quantities, would be cheaper; because of the less 
amcunt of insulation needed, and the reduction of heat in the 
field windings, and other points of advantage leading to cheaper 
design and reduction of weight. 

Bronxville, N. Y., Jan. 8, 1903. 


Discussion at Cuicaco, Dec. 2, 1902. 


’ 


Mr. R. H. Pierce:—In the past we have had a good deal of 
trouble in receiving the papers and getting them to the local 
«nembers early enough to be read over before the evening of the 
meeting, so that the subjects have not been discussed as fully as 
they should have been. This year there has been a change in the 
policy of the InstiruTE, as shown in the address of President 
Scott. The policy of the InstiruTE now is to have a large 
number of papers on interesting subjects, to have the papers in 
hand as early as possible, and to have local organizations in each 
of the large cities. The idea is that the local members shall 
conduct their own local meetings as may seem best to them, and 
have meetings at regular intervals. It is also the policy of the 
INSTITUTE at present to have these meetings attended by anyone 
interested in the papers to be discussed, whether members or 
not, and to have anyone who is interested enough to come to the. 
meeting, take part in the discussion should he so desire. 

We have practically decided among ourselves that in order 
that we may be sure of having these papers, it will be well to: 
hold our meetings about ten days or two weeks after the New 
York meeting, and in this way be prepared for the discussion. 


The paper on an “ Electrically Operated Coal Hoist, having 
Variable Speed Control,’ by Mr. P. O. Keilholtz, was then’ 
read by Mr. Peter Junkersfeld, of the Chicago Edison Com- 
pany, who added: 

‘ The particular electrically operated coal hoist, described by 
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Mr. Keilholtz, if it is not the one at the new power station of the 
Manhattan Railway Co., in New York City, is at least very 
similar. A satisfactory coal hoist is of course a particularly 
important part of such a station and a slight difference in first 
cost would by no means be the determining factor. 

In this tall tower, something like 186 feet high, carrying 
clamshell buckets handling 70 tons per hour, quick handling and 
smeoth acceleration are of vital importance. As I remembcr 
the Manhattan station, this is the only drive requiring 550 volts, 
and it appeared to me somewhat peculiar as to just why they 
selected 550 volts instead of 250, which is the voltage used on 
some of their other auxiliaries. 

On the whole, I think Mr. Keilholtz shows very nicely one 
very good application of that system of control.” 


Other papers presented at the New York meeting, November 
21st, were read as follows: 

“ A Series-Parallel System of Speed Control,’ by Mr. Geo. W. 
Fowler, was read by Mr. H. R. King, of the Western Electric 
Company. 

“The Operation of Machine Shops by Individual Electric 
Motors,” by Mr.R. T. E. Lozier, was read by Mr. Geo. B. Foster, 
of the Bullock Electric Manufacturing Company. 

‘“ Three Wire System for Variable Speed Motor Work,’”’ by Mr. 
N. W. Storer, was read by Mr. J. J. Gibson, of the Westinghouse 
Electric and Manufacturing Company. 

“The Storage Battery as a Factor in Speed Control,” by Mr. 
H. B. Coho, was read by Mr. O. E. Osthoff, of the Electric 
Storage Battery Company. 

Mr. Osthoff added: 

“TI do not believe the arrangement shown in Fig. 1, (see 
page 126) is at all practicable. 

As a substitute for this method might be suggested the em- 
ployment of about 23 cells in a group; and four groups, say, 
92 cells in all, which could be connected in multiple series. On 
the first notch all the cells would be in multiple; on the second 
notch there would be two groups in series and two in multiple, 
and on the third notch they would all be in series; on the last 
notch the cells could be cut off and the motor thrown across the 
supply mains. While the motor was taking current from the 
supply mains, the battery could be charged at a slow rate 
separately. In this way all the cells would be discharged 
equally. 

Another advantage in favor of this scheme is the fact that when 
the greatest current is required, all the cells are in multiple, so 
that the battery is in the best position to give the high current. 
As far .as the point B is concerned with this plan, the battery 
carfnot be on charge at all times when current is flowing on the 
mains, but I do not believe it would make very much difference 
in the cost of this current. In the plan suggested here, the 
battery would get a continual supply of current, but by the other 
scheme the current would only be put into the battery when the 
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contro'ler is on the last notch. This method of control is exem- 
plified daily in the use of the automobile, as far as grouping the 
cells in multiple-series is concerned. 

In the last paragraph on the third page he speaks of a substi- 
tute for storage batteries in the way of counter-electromotive- 
force cells, and ends by saying ‘‘ the cutting down of supply 
voltage by counter-electromotive-force is the natural method 
dictated by economic consideration, while to cut it down by 
resistance is unnatural.’ It is not quite clear to me what he 
means by one being the natural method and the other the unnat- 
ural, because the amount of energy wasted is exactly the same 
in the two cases, so the only advantage which the electromotive- 
force cells would have would be the fact that the voltage you 
would subtract from the mains would be the same, regardless of 
the amount of current flowing. 

Mr. Prerce:—The system proposed by Mr. Leonard is one 
which gives any variation of speed control that is desired, simply 
by turning the handle of a field rheostat. Mr. Leonard first 
proposed it as a system for operating street cars. The main 
applications of this system have been made in connection with 
large stationary motors. This system has proved particularly 
advantageous where it is desirable to operate very large motors, 
and run them at speeds varying from nothing to full load, as in 
mining work, for operating large pumps and hoists; also for 
electric cranes. 

At the time when the alternating current first came into use 
for transmission in connection with railway work, Mr. Leonard 
suggested the additional improvement on his system of using an 
alternating current motor to drive his direct current generator. 
With this arrangement, it is possible to transmit, with an alter- 
nating current, a very high voltage and at the same time, to use 
low voltage direct current motors for doing the actual traction 
work. In the paper read this evening, Mr. Leonard shows the 
additional advantage of this arrangement as‘a ‘“‘ multiple unit 
system.” It will, of course, be apparent that if you can vary the 
voltage upon one armature, you can vary it on any number of 
armatures at the same time, and therefore give them all the same 
speed. I believe Mr. Leonard’s paper is worthy of great con- 
sideration, as it calls attention to the lines along which we may 
look for development in electric railroading. 

The very men who have done the most in developing the 
present polyphase systems, have expressed the belief that we 
shall eventually come to some single-phase system. he single- 
phase system is the simplest of all systems, and there is a ten- 
dency in electricity, as in every art, towards simplicity in appar- 
atus and elimination of everything that is complicated. 

At first glance, Mr. Leonard’s devices may seem complicated, 
but his system is certainly able to do away with what we are now 
using, which is extremely complicated and not very efficient— 
that is, the use of rotary-transformer substations, which call for 
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enormous investments in copper and machinery, and large losses 
in power, besides cost of attendance. It was stated by Mr. 
Leonard in the New York discussion, that his system was to be put 
into use abroad in the near future. While I am not prepared to 
discuss the relative efficiency and cost of his system, as compared 
with those now in use, it seems apparent to me that it reduces the 
cost of both the generating and transmission plantsto a minimum, 
and that it will materially increase the distance over which it is 
commercially practical to operate long-distance railroads. The 
apparatus on the car will certainly pull heavier loads, and at the 
same time give a quick acceleration and absolute control over the 
motion of the train. 

Pror. D. C. Jackson:—I did not know that a meeting was to 


‘be held here to-night, nor the subject to be discussed, until this 


afternoon, so that I have little to say.. The presentation of these 
papers shows how far the commercial application of variable 
speed motors has taken possession of the minds of the electrical 
manufacturers, and how far it is soon to take possession of the 
minds of the users of electrical machinery and machine tools. 
This is something that a few have foreseen as a coming necessity 
for perhaps six or eight years. As a witness of this, I will say 
that I read papers before the Western Society of Engineers and 
the American Society of Mechanical Engineers a number of years 
ago. Ihave never read a paper on variable speed motors before 
the AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, as this 
has appeared to me to be rather a matter for discussion before 
and amongst the users of machine tools and electric motors, than 
by the manufacturers of the motors. 

The reason, I think, that variable speed electric motors have 
not been more fully adopted by the users of machine tools and 
other machinery, is the delay on the part of the electrical people 
in the development of motors with reasonably satisfactory speed 
control, which could be put on the market at a price at which the 
ordinary user could afford to purchasethem. This delay has been 
partially due to the fact that the electrical people have been so 
busy that they have not been willing to undertake any special 
equipments, which involve so many difficulties. 

Mr. B. J. Arnotp:—There were two or three points not 
brought out in Mr. Lozier’s paper. 

The author lays considerable stress upon the increased effi- 
ciency in operation of the multi-voltage system, all of which is 
undoubtedly true, but that is simply an increased efficiency in the 
consumption of power. He failed to mention the fact that that 
system or any other system which requires a large number of 
individual motors, or a larger size of motors than would ordin- 
arily be used for constant speed, must necessarily cost consider- 
ably more, and the interest on the increased investment more 
than offsets the saving in power. I did not notice that that 
point was touched upon in the paper. I do not make that as 
an argument against Mr. Lozier’s particular system, but against 


188 VARIABLE SPEED CONTROL. [Dec. 2 


individual-motor systems in general, namely: that if you put 
a large number of individual motors into a plant, the cost per 
horse-power of work done runs up so high, due to the interest on 
the increased investment, that it more than offsets the power 
economy. 

If my understanding is correct, that paper, as well as the 
others, advocates individual motors on tools, as against the 
grouping of a number of small tools on a piece of shafting, driven 
by a motor. The grouping of motors not only increases the 
investment greatly, as just stated, but also loses the advantage 
in electrical efficiency, which is gained by putting a few tools on 
a short piece of shafting, due to the fact that the average load of 
several machines is less than their maximum load. In my own 
experience, in every case where we have had to deal with railroad * 
shops, when it came to buying the motors, we have finally figured 
on the principle of grouping the machines for all small tools. 

Mr. Pierce:—In this paper I notice Mr. Lozier compares the 
efficiency of the individual motors with that of the grouping 
and claims that it is very much more efficient to use the individ- 
ual motors. 

Mr. ARNoLD:—He disregards the fact that the first cost is so 
much more when a large number of individual motors is used. 

Mr. Prerce:—lI do not see how he can be correct, unless he 
figures that they are all operated with a steady load. Your 
experience has been, has it not, that, taking the motors as they 
are ordinarily run, the efficiency of the system of individual 
motors would be less than with the grouping. 

Mr. ARNOLD:—Yes, as a general principle, because these 
larger sizes of individual motors are running very much at 
underload; and then the point I tried to make, was the fact that 
the first cost of these individual motors and the interest on that 
cost, is very much greater. The theory is a very beautiful one, 
and we all at first start out to put it into practice, but we gen- 
erally land the other way. It is a case of the other man paying 
the bill. We would land sooner if we paid it. I do not want my 
remarks to be understood as referring to any particular system; 
simply the general principle of machine-shop work which has 
guided me in purchasing for machine-shop work, electric appar- 
atus for railway work. 

Mr. GeorGce B. Foster:—I am very glad Mr. Arnold brought 
out the point of the first cost in connection with the saving 
effect. The saving in the full, as Mr. Arnold states, may not 
warrant the additional first cost, but while this point should not 
be overlooked, it is not the great advantage to be offered for the 
system. Machine tools equipped with individual motors show 
an increased output over the mechanically driven tools of form 
25 to 100 per cent. _ This fact alone would warrant the installa- 
tion of individual motors on such tools. 

The result of a test on a disk 30 or 40 inches in diameter 
appeared in one of the trade papers recently, This disk was 
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first turned in a belt-driven lathe, with cone pulleys for speed 
changes. The time required to do the work was 60 minutes. A 
duplicate disk was turned by the same type of tool, except that 
it was driven by a variable speed motor, and the time required 
to do the work was 32 minutes, showing an increase in the output 
of a tool of this character and this class of work, of almost 100 
per cent. 

Mr. ARNOLD:—I will admit there is a good dealin that, but 
whether it offsets the other or not, I am not prepared to say. I 
presume it does. 

Mr. Foster:—There is a large concern in the West which re- 
cently equipped new shops with machine tools driven by 
variable speed motors. Some of these toolS in the new shop are 
identical with some of the tools in the old shop, except that they 
are electrically driven, and the work they handle is of exactly 
the same nature. One of the engineers reported to me that 
these tools were showing an average increased output over the 
old shop of considerably more than 25 per cent. 

Mr. ARNOLD :—That answer is perfectly satisfactory to me, and 
I have no doubt it figured out more than the increased fixed 
charges on the motors. It is a question of machine shop econ- 
omy; a question of how much work you get out of the tool. © 

One point I failed to make is that I would not use this tool- 
grouping plan for large tools. I would put individual motors on 
large tools always. It is only for small tools that we should 
group the motors on a short piece of shafting. I would put 
individual motors on the larger tools, such as heavy mills, planers, 
large lathes, etc., and all such tools as are moved around the shop 
to the work. 

Mr. Ernest GONZENBACH:—I have just been through the 
experience of the equipment of individual motors for the repair 
shop of an interurban railway, and it may be of interest to some 
of the gentlemen here for me to quote figures from memory. 

On obtaining prices for individual motors, I found that the cost 
of the motors for driving tools, woith $6.500, would amount to 
nearly $4,000, and that the total horse-power capacity of the 
motors would have to be about 35 h.p. if individual motors 
were used, while by grouping the tools (two groups were finally 
decided upon), we were able to drive the whole outfit with two 
5-h.p. motors. Of course this is not such a case as Mr. Foster 
refers to, but simply a case of a repair shop where a few tools 
would be in use at one time, and the point which Mr. Foster 
makes in regard to manufacturing has practically no bearing on 
this case. : 

I would like also to refer to the question of substation mainte- 
nance. I think anyone who has been connected with polyphase 

‘railways has been against that practice. It has been my fortune 
to be connected successively with three railways operating poly- 
phase substations, and in every case I found that the most 
serious difficulty was putting into the hands of comparatively 
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inexperienced men the complicated equipment which is necessary 
in the rotary substation. It seems to be impossible to get men 
capable of running substations at ordinary wages. The man in 
charge of a substation has really more responsibility than the 
man at the power-house, as he has to rely entirely on his own wit 
in emergencies. 

Another argument against substations is that in order to runa 
train service in any way similar to steam railroads, one has to be 
very careful to arrange the schedule so as not to have an undue 
proportion of trains or cars between any two substations, other- 
wise your unit in substations will require to be very large. For 
instance, with the Aurora, Elgin and Chicago Railway, there is 
a total capacity of 2,500 kw. in rotary converters, required to be 
operated from a generator of 1,500 kw. capacity, simply for the 
reason that it is possible that there are times when trains are 
more numerous on one part of the road than on another. With 
an express service in addition to local service, it becomes readily 
possible that trains might call for operating a total rotary 
capacity two or three times the generator capacity. With the 
avoidance of substations, or with an alternating current system, 
it becomes easier to put more of that load on the power station 
‘and divide the load among a larger number of static transformer 
stations. I think that is a point not usually brought out in 
discussions of this sort. 

Mr: V. R. Lansincu:—I should like to ask Mr. Arnold if he 
can tell me the relative cost of repairs and maintenance on the 
group and individual-motor systems. 

Mr. ARNoLp:—I would not care to answer that question 
without I could give you an intelligent answer. I only know 
about the side of it which comes to me when we are endeavoring 
to decide a question as to whether the saving will warrant the 
increased investment. I have no figures which would be of any 
value. The cost of maintenance, however, in shops that I am 
somewhat familiar with, has not been excessive. 

Pror. Jackson :—lIn regard to the question of grouping which 
my friend Mr. Arnold and others have raised, this is largely a 
matter of engineering common sense. If one has to deal with 
large engine or locomotive shops, where are found enormous 
machine tools, each of whith requires considerable power, there 
is no question but that individual motors with variable speed 
attachments give the best result, and the individual motors 
undoubtedly (as shown by experience in various shops) have 
increased the volume of output from 20 per cent. upwards. [ 
know of one shop where the increased output was 40 per cent., 
brought about by the proper employment of electric motors. On 
the other hand, in a small shop intended for a variety of job 
work, and where different classes of tools are used, all being more 
or less of small size (the individual units of the plant being idle 
a considerable portion of the time), grouping is undoubtedly the 
right thing to use. It may be taken for granted that a great 
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manufacturing establishment that has a reasonably uniform 
product—that is, a product of one kind (especially in the iron 
manufacturing line)—should ordinarily be greatly improved by 
electric drives with a great many individual motors applied to 
the individual tools and a large proportion of the motors of 
variable speed types. This statement is founded partially on a 
theorctical basis, but the theoretical basis has been completely 
borne out by the experience I am familiar with. 

Mr. PiercEe:—It seems to me that regardless of the question 
of economy in the use of variable speed motors, there is no doubt 
about their advantages. In most cases, the saving in power is a 
comparatively small matter. The cost of the fuel in an ordinary 
manufacturing establishment commonly amounts to only 3 to 5 
per cent. of the cost of the product. Should the output be 
increased 20 per cent. or a great deal less than 20 per cent., the 
advantage would amount to more than the total saving in fuel. 

The question before us this evening is the various methods of 
obtaining this variable speed control, and we would like to have 
as much discussion on that as possible. I will call upon Mr. 
Cutler, who, I believe, has had a very variable experience in that 
line. 

Mr. CutrLer:—I think I can speak on this subject from an ~ 
unbiased standpoint; possibly more so than the people who have 
written these papers, for the resaon that about the first thing I 
noticed was that each and every one of them advocated the 

systen promulgated by his own company, and we, of course, 
must expect to see the good points set out prominently, and the 
other points absolutely neglected. 

I will take up the papers as they were presented, and endeavor 
to point out the other side of the question, which I presume is 
entirely in order from the standpoint of this association and what 
the discussion is intended for. 

The first paper, I believe, advocated the Ward-Leonard 
system for the use of controlling apparatus for hoisting coal. 
Now, there are two difficulties in using this system for that 
purpose: 

‘In the first place, it is very flow to act. The first thing desired 
is to get as much coal out of that vessel in a certain time cs 
possible. It is not possible to alter the field strength of a 
generator in a few seconds of time. I think that is perfectly 
understood by motor manufacturers, and it is not necessary for 
me to point out the reason. 

The second reason is that the system compels the use of a plain 
shunt-wound motor, which will not pick up the load as quickly 
as a plain series-wound motor. That question does not need any 
discussion. 

It appears to me that the best system for operating large coal 
hoists is one similar to several that my company have in operation 
in which we use a plain series-wound motor with ordinary arma- 
ture resistance, controlled by magnets, which eliminate al- 
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sparking. These magnets are energized by means of an inde- 
pendent lever, retarded by a dash pot, thereby obtaining, with 
proper adjustment, the maximum speed acceleration that it is 
possible to get out cf a motor. We have several very large 
plants in operation on this principle. 

The next paper was by Mr. Lozier, in which he advocates the 
multi-voltage system. Discussion has already taken place 
between Mr. Arnold and Mr. Foster, in which the fact was 
brought out that there was a great saving in the output, but this 
does not by any means prove that that increased output is due 
to the use oi the multi-voltage system. There are plenty of other 
systems which can be used. On this subject I might say that it 
is absolutely necessary for me in my business, when any particu- 
lar application of the motor is brought up, to have some system 
which I can freely recommend as appearing to me to be the best 
suited. 

My idea of operating machine tools is to let the motor alone as 
far as possible and to learn our lessons from the autcmobile 
manufacturer, and use sliding gears, etc. This will give a motor 
which is not too large for the work and can be put ir at the 
minimum cost and will give exactly the requirements which are 
necessary for the machine to do its work. There are severai 
disadvantages with respect to the multi-voltage control, but the 
time is so limited I will not discuss them now. 

Mr. Storer’s paper relates more particularly to a method of 
obtaining a three-wire system from a single generator, and advo- 
cates variable speed by using the extreme limit of shunt field 
regulation. He has apparently gone to the extreme in that 
matter. 

The next paper was by Mr. Geo. W. Fowler, advocating the use 
of what is known as the “C. & C. Series-Parallel’’ system. 
There are several methods of operating printing presses which 
have not been brought out at all. I am a firm believer in the 
double motor drive system, for the reason that this system gives 
the actual speeds required in practical work at good economy. 
There is no necessity in practical work of providing for an un- 
limited number of steps, from minimum to maximum speed. 

The storage battery system of operating printing presses, I 
would look at with a good deal of mistrust, especially if we have 
to use storage batteries in multiple-series connection. 

I think the whole question of motor control sifts right down 
to the “survival of the fittest,’ and selection of the proper 
system. Asarule, the consumer is overwhelmed with a number 
of salesmen, all taiking their particular system, and he does not 
know what to use. There is simply one remedy—let him consult 
the engineer and we will all be benefited thereby, as well as the 
consumer. 

While there is a good deal of room for improvement in motor 
control, I feel perfectly confident in stating that there are reliable 
systems for almost every practical application that comes up, that 
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the consulting engineer is able or should be able to recommend to 
his customer, independent of any particular hobby which any 
particular manufacturer may have to recommend for his own 
private commercial reasons. 

Mr. Prerce:—I would like to ask Mr. Cutler his veiws on the 
amount of speed regulation practical for shunt control. The 
Westinghouse representative says they can get 2 to 1 variation 
in speed, and the paper read by Mr. Foster states that 30 per cent. 
is all that is practical. 

Mr. CutTLeER:—I stated that I did not advocate personally any 
material change, for the reason that it does not correspond with 
the requirement of the tool. That is, in the machine tool the 
torque must increase as the speed decreases, which you cannot 
get commercially out of a motor without using an abnormally 
large one, and I do not advocate any change in the speed of the 
motor greater than possibly the 20 per cent. variation, or 15 per 
cent. in the shunt field. 

Mr. Foster:—Would not the installation and operation of 
special gears be rather cumbersome? 

Mr. CutLer:—No, it is practically practical to do that. 

Mr. Foster:—In my experience I found it was more expen- 
sive to adapt a special set of gears to a tool for acquiring a wide 
range of speed, than putting in larger motors, and after they 
were adapted, they could not be operated with the same facility 
as the motor with the controller. 

Mr. CutLeR:—I maintain that I do not think it is possible to 
supply a large motor as cheaply as you can use sliding gears. 

Me. F. J. Pearson:—As I understand this discussion, it was 
intended to cover more particularly the relative merits of the 
various systems of speed control outlined in the several papers 
presented this evening. 

In this connection, I desired to ask if we can hear something in 
regard to the comparative first cost, as well as cost of operation 
of the multi-voltage system of control as compared with the 
variable field method, interest, depreciation and losses con- 
sidered. Take a case requiring a certain horse power, with a 50 
per cent. speed variation, would we be justified in using the 
multi-voltage system at a higher first. cost and consequent higher 
interest charge, as well as depreciation, as against the employ- 
ment of a larger motor frame with a single standard voltage and 
a 50 per cent. speed variation, by the variable field method. 

I understand that the cost of the multi-voltage system is about 
60 per cent. higher than the variable field control method for the 
same horse power, and with a ratio of speed control of two to one. 

Mr. Foster:—The case you cite is not an average case. Take 
the average machine shop with a2 to 1 ratio, and it will not cover 
the average range of work to be handled. For the particular case 
you cite, I would not advocate a multiple voltage system with a 
range of six voltages for only 50 per cent. variation in speed. 
Instead of the case which you cite, suppose you had a truncated 
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cone to be turned, the smaller diameter 2 inches, the larger 30 
inches. With the speed range of 2 to 1, this piece of work could 
not be handled with any degree of success. If, however, you had 
a 7} to 1 range with a back gear, giving an actual variation of 
15 to 1, with 52 different steps, you can readily see what a saving 
of time could be effected in doing this particular piece of work. 

Mr. PEArson:—In using the expression 2 to 1, I was in 
error. I should have stated, a total speed variation of 50 per 
cent. 

Mr. Foster:—The three-wire system described by the repre- 
sentative of the Westinghouse company, is a modified multiple 
- voltage syscem, having two steps. The number of wires installed 
and combination of voltages can be carried indefinitely, but as I 
stated before, if only 50 per cent. variation in speed were ~e 
quired, I do not think that a representative of the RBulluck 
company would advocate a multiple voltage system having si¥ 
different voltages. 

Mr. Pearson:—The point I was trying to bring out was the 
relative cost of the two methods of control; that is, whether 4“. 
not the saving in the multiple system would offset the interest 
on the investment on that eventually. If I understand it cor- 
rectly, you would use on 5 h.p. outfit maximum, say 10 h.p. 
multi-voltage. 

Mr. Foster:—For 50 per cent. variation? 

Mr. PEARSON :—Yes, 

Mr. Foster:—Yes, we might. 

Mr. PEARSON :—My idea is that you would use a 20 h.p. motor 
for the same outfit on the variable speed control, same range of 
regulation. 

Mr. Foster:—The size of the motors for the three-wire system 
and the multiple voltage system for the same range in speed, 
would be the same. In the multiple voltage system, however, 
this range is carried to a total ratio of 74 to 1, which would, of 
course, require a larger motor than the three-wire system, having 
only a range of 4 to 1. 

Mr. OstuHorr:—The discussion would naturally be of those 
papers presented as to the choice of systems described. 
Personally, I am inclined to believe that variable speed can be 
obtained mechanically in most instances, but there do exist cases 
where an engineer might advocate a variable speed to be obtained 
in the motor. We offer our system as being the most competent 
to obtain that end. We claim that the efficiency in the motor is 
practically as good, the wiring less cornplicated and a less ainount 
of copper needed, and that the losses outside the motor are less 
than in the multiple system. 

Mr. H. R. Kinc:—In the solution of variable speed problems, 
it appears that no one system of control can be used to the best 
advantage in all cases. A variation of speed from full load 
speed in steps of 10 per cent. to 10 per cent. of the full load speed, 
the load varying with the speed, is an entirely different proposi- 
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tion from one, the requirements of which are a constant load 
with a speed variation of only 25 per cent. 

We have a means of speed variation of from 15 to 25 per cent. 
in standard commercial motors, by means of shunt field regula- 
tion, the amount of variation depending on the normal sparkless 
limit for which the motor is designed. This method of control 
takes care of a great many propositions where the speed varia- 
tion is small, while the load on the motor is practically constant. 
It also has the advantage of using standard motors. Varying the 
speed by means of varying the field strength, may be carried still 
farther by using an accumulative compound-wound motor, the 
series winding being divided, and each section under the control 
of the operator. We can take this same combination of shunt 
and series control and place the armature across the varying 
voltage as is done in several of the systems described to-night. 
If this armature voltage control is not carried too far, standard 
motors may be used, providing we do not resort to the sectional 
series. ; 

In addition to the above arrangements, which give the highest 
efficiency of operation, we car resort to the armature resistance 
control—a very inefficient method and one which should not be 
used except in extreme cases. , 

I regret very much that no paper has been read on the various 
mechanical control systems which are now on the market and 
which are destined to play quite an important part in future 
speed control problems. They are efficient and generally free 
from the complications of the electric control. 

[Adjourned.] 


A paper read at the 2d Meeting o, the Cincmnan 
Brunch American Institute of Electrical Engineers, 
February 9, 1903. 


METHODS OF SPEED-CONTROL. 


BY WILLIAM COOPER. 


A consideration of the speed-control of shunt- 
wound direct current motors. Applications of 
this type of motor to the operation of machine- 
shop tools. 

I have been requested to read a paper at this meeting on the 
subject of ‘‘ Methods of Speed Control.’’ As the field covered by 
this innocent little title in electrical business is so great and 
includes such a variety of apparatus in its ramificaticns, I was 
impressed with the impossibility of thoroughly covering the 
whole ground within the limits of such a paper, and have, there- 
fore, concluded to confine my attention to very narrow limits, to 
the consideration of the speed-control of the shunt-wound direct 
current motor. Further than this, I will confine myseif to the 
individual application of this particular type of motor to the 
operation of machine-shop tools. 

I realize that I may encroach upon the territory covered by a 
number of papers read at a recent meeting of tre AMERICAN 
InstTITUTE oF EvectTRICAL ENGINEERS, but I trust I may be able 
to throw some additional light on the subject. In the discussion 
that followed the papers read at this meeting of the AMERICAN 
InsTITUTE OF ELECTRICAL ENGINEERS, there appeared to be 
some misunderstanding. 

There seems to have been a difference of opinion, which was 
largely, I think, to be accounted for by different comprehensions 
of the point in question, namely; the constant h.p. rating of the 
motor, as spoken of. I hope that I may be able to make myself 
plain on this point, so that there will be no misunderstanding of 
the fact. 
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CoNDITIONS TO BE FULFILLED. 

The prime condition to be fulfilled in operating machine-shop 
tools is to keep the cutting-speed at the maximum at all times. 
This maximum speed is limited, of course, by the quality of the 
cutting tool, the kind of material being cut, and whether or not 
any extraneous means are employed to keep the tool from heating. 

Nearly all ordinary machine-shop work may be classified under 
two heads; machining of cylindrical surfaces and of plain surfaces. 

In considering the first class of operations, the piece being 
operated upon is usually rotated, and as a very small proportion 
of this work has but one diameter on each piece, there must, of 
necessity, be provided some way of changing the speed of rotation 
in order to keep the cutting-speed at the maximum. This con- 
dition is arrived at in ordinary machine shop practice on this 
class of work by using certain arrangements of: change gears, 
and by belts on so-called cone-pulleys. While it is entirely 
possible to get a change in this manner of 10 per cent. per step, 
the complication resulting from the mass of gears and multipli- 
cation of steps on the cone-pulleys would not be permissible, to 
say nothing of the time lost in making the changes. As the 
result of years of practice, this system has developed into an 
arrangement where the changes are approximately 50 per cent. 
apart; that is to say, that each increment of increase would be 
50 per cent., often being as much as 100 per cent. It is obvious 
that such an arrangement must be very wasteful of time where 
the diameter of the piece to be machined is slightly less than the 
near2st combination which would give the maximum cutting 
speed, The machine, therefore, must be run at slightly more 
than one-half or two-thirds of the maximum permissible cutting- 
speed, consuming, consequently, nearly 50 to 100 per cent. more 
time for q given operation than would otherwise be required. 

Mr. F. O. Blackwell, in a paper read before the AMERICAN 
INSTITUTE OF ELECTRICAL’ ENGINEERS, said, ‘‘ The reduction 
effected by different sets of back-gears on machine-tools will be 
found to vary from 4 to 1 to 6 to 1. All tools can be arranged 
with 4 to 1 changes between back-gears without any difficulty. 
In many cases a single back-gear is sufficient for a tool. By 
putting a magnetic-clutch on this back-gear and making the 
electrical connections in the controller, it is possible to geta6tol 

variation electrically and without increasing the cost of the 
motor more than would be required for a 4 to 1 variation.” 

Mr. Chas. Day, in the discussion which followed the reading of 
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Mr. Blackwell’s paper, said, ‘“‘ When attaching motors to old 
tools, such as lathes and drill presses, we must, as far as possible, 
adapt our speed range to the present gear ratios, in some cases 
by introducing additional gears, and in others without change to 
the machine. We have found that the gear ratios vary from 3 + 
to 1 up to 15 to 1, depending on the size and character of the 
machine.” 

From the above we see that there is some difference in opinion 
as regards the range of the back-gears of ordinary machine-tools. 
As a matter of fact, the back-gear ratio of ordinary machine-tools 
varies from 3 to 1 up to 15 to 1, as stated by Mr. Day. There is 
also another ‘fact which has not been touched upon and that is 
that the range of speeds given by the cones on a great many 
machine tools are not consistent with the ratio of the back 
gearing. That is to say, it is frequently found that the differ- 
ence between the lowest speed with the back-gears out and the 
highest speed with the back-gears in is very much greater than 
the difference between two cone-speeds. Some machines have 
as much as 3 to 1 variation in speeds between these two condi- 
tions. The writer has in mind a case of a comparatively small 
sized boring-mill, made by a prominent manufacturer, in which 
the back-gear’ ratio was 12} to 1. In this particular case the 
difference between the lowest speed with the back-gears out and 
the highest speed with the back-gears in was a great deal more 
than the difference in the cone-speeds. However, in this case, 
if we were to allow that the best possible arrangement had been 
made, the average difference between speeds throughout the 
entire range of the machine would be about 1.9 to 1, the machine 
being equipped with a four-step cone. 

SUBDIVISION OF SPEED RANGE. 

- It is obvious from above considerations that some.arrangement 
must be introduced that will subdivide the speed changes to a 
greater extent. Many mechanical devices have been brought 
out for this purpose and some of them have come into quite 
extensive use; more particularly those where the gradation from 
one condition of speed to the next (as regulated by gears or 
driving belts) could be subdivided into any number of parts. 
While these devices fill the requirements of being able always to 
obtain the maximum cutting speed, the complication and 
cumbersomeness of the device is not desirable and has prevented 
its coming into general use. 

A letter from Mr. E.H. Symington was read before the Central 
Railway Club, at their meeting at Buffalo, November 14th. 
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Mr. Symington, in speaking of electric-drive in general, very 
strongly recommended alternating current. In speaking of 
variable speed motors, he said: “‘ With the advent of the per- 
fected speed-changing devices, there is less necessity for having 
speed flexibility in the motor itself. However, where there are a 
quantity of traveling cranes and other variable speed apparatus, 
it is well to consider the advisability of a small direct current 
generating set for this purpose only.” 

METHODS OF SUBDIVIDING SPEED RANGE. 

We are still waiting for the advent of the perfected mechanical 
speed-changing device. However, we must admit that we can 
not, practically, get a speed variation from an electric motor that 
will cover the entire working range of the average machine-shop 
tool. There are some tools in which this can be done, for in- 
stance, planers, slotters and machines of this character where 
the cutting speed of the tool is in constant relation to the work, 
regardless of its dimensions, and speed variation is only required 
for differences in material. 

However, in that great class of tools in which the piece being - 
operated upon is of circular form and the rotative speed varies 
directly with the diameter, a very wide range of rotating speeds 
is required. In this class of machinery it is practically impossi- 
ble to cover the entire range by varying the speed of the driving 
motor. 

Speed-control is obtained in nearly every case by a combina- 
tion of mechanical and electrical means, the motor range and 
gear ratios depending upon the machine and the average variation 
in diameters and kind of material handled. 

Mr. Blackwell made the further statement in his paper that 
“With the three-wire system and a 100 per cent. variation in the 
motor-speed by field-control, we can obtain a 4 to 1 total varia- 
tion which, for general machine-shop work, is sufficient to cover 
a single operation on a given tool.”’ 

Any system of variable speeds to be applicable and to cover 
the ordinary working conditions must be able to cover all possi- 
ble speeds within the range of the tool and not be confined to a 
single operation, as would be necessary to come within Mr. 
Blackwell’s limits. 

Since it is impracticable to get the entire range of speeds on the 
class of machinery mentioned directly from the motor, a com- 
promise must be effected. We have in any given case a certain 
total range to cover in any given machine. Let us take for 
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example a 48-inch engine-lathe. Practice has shown that even 
with the best tool-steels at present obtainable, it is desirable and 
almost necessary to have a cutting speed as slow as 16 feet per 
minute. This, of course, determines one limit of the speed 
range, and is absolutely fixed, while the other limit of maximum 
speed at which the machine is to operate is not fixed, and is 
determined for each particular case by the probable minimum 
diameter to be machined. If two inches be assumed as the 
smallest diameter and a maximum cutting speed of 100 feet per 
minute, at this diameter the maximum revolutions will,therefore, 
be approximately 150 times the minimum. This, therefore, is 
the total range of speeds to be covered by the driving mechanism. 

The question that next present itself, and the one that cannot 
be determined by any hard and fast rule, is what portion of this 
range will be covered by the variations of the speed of the motor, 
if a motor be used, or what other equivalent system will give 
equally good results. The case cited in regard to the boring- 
mill is almost exactly the same as the one under consideration. 
As stated, the builder solved the problem by using cone-pulleys 
and one set of gears. It must be admitted, however, that this 
solution was very crude. On the other hand, the question is: 
How many different speeds should be provided within this range 
and how will they be obtained. As stated, it is impracticable 
and well-nigh impossible to cover this range entirely by varying 
the speed of the driving motor. 

The next step, consequently, is to use one set of back-gears. 
This will call for back-gears to be approximately 12} to 1 ratio; 
therefore, the limit of speed variation on the motor will be 
124 to 1. The next combination available is to use two sets of 
back-gears, ‘which shall have equal ratios and which shall gear 
into each other. In this case the variation of the motor speed 
will be as the cube-root of the total variation, or approximately 
as 5.5 to 1. 

This same line of reasoning may be followed, duplicating the 
. gearing indefinitely, until the variations in speed are entirely 
taken care of in the gearing. This brings us to the future per- 
fected mechanical speed changing device, which has not yet 
made its advent. 

ADVANTAGES OF SUBDIVIDING SPEED RANGE. 

The question is often asked: “‘ What advantages are to be 
derived from driving machine-shop tools independently by 
electric motors.’’ The answer to this is, that the principal 
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advantage is in the ability to obtain any number of different 
speeds on the tool, thereby being able to work up to the maxi- 
mum output at all times. . 

Mr. L. R. Pomeroy, in a paper read before the Central Railway 
Club, in Buffalo, November 14th last, quoted a celebrated author- 
ity, without naming the authority,.as follows: “‘ Where we have 
to decide whether we shall install one large motor or a number 
of small ones, I would give preference to the small motors down . 
to a limit of 5 h.p. for light machines and 10 h.p. for heavy 
machines; this for cases in which the problem is one of distribu- 
tion only. Where the introduction of motors would have any 
effect on the product, I would dismiss entirely the question of 
power and decide solely with regard to the convenience of opera- 
tion afforded, and would not hesitate to put in the very smallest 
motors, mounted upon any kind of machinery, notwithstanding 
their greater cost and lower efficiency, if they increase even to but 
a slight degrce the product of the labor of the shop. Gains in 
this direction cause other gains to sink into insignificance.”’ 

Mr. Blackwell voiced the same sentiment, as follows: ‘‘ The 
most important consideration in the electric driving of machine- 
tools is to make the contrcl of the tool as convenient as possible 
and arrange the system so as to permit small changes in speed, 
and consequently be able always to drive the tool at its highest 
possible speed and greatest output.” 

Another question that usually follows is: ‘‘ But the tools in 
this shop are not designed to stand the higher speeds that the 
modern tool-steels will permit, therefore, it is not possible to 
work them up to the maximum.” A reply to this is, that if the 
machime will not stand the strains brought about the by high- 
cutting speed of the modern tool-steel, they still have their 
maximum; and there is just as good reason for working these 
tools to a maximum as any other tool to its maximum, although 
the maximum of these tools may be determined by a different 
factor. : 

We might state, however, that there is no reason why a 
machine-tool that is adapted to do a certain work, should not do 
this work at two or three times the speed. The reason for this 
seems obvious in the fact that the strains on a machine are due 
entirely to the torque required to make a given cut. With this 
given cut, the speed may be increased three or four times with- 
out producing any greater strains on the machine itself, because 
the torque remains constant. However, the h.p. will increase 
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directly in proportion as the increase in speed; and right here we 
have a factor that limits the ordinary belted machine-tool—the 
belts will not pull the load. For instance, suppose that we have 
a given machine running with a belt on the largest step of the 
cone-pulley on the machine, and taking a certain cut; assume 
the cutting speed be 20 feet a minute. If it is desired to increase 
this cutting speed to, say, 80 feet per minute, it is found necessary 
to put the belt on the smallest step on the cone. We at once 
encounter the difficulty that the belt will not begin to pull the 
cut. This is also true of the various mechanical speed-changing 
devices that have been introduced. Thus it will be seen that 
machine-tools that were designed on the lines of the cutting 
speed of 20 feet per minute are not adapted at all to cutting 
speeds of 80 feet per minute. However, they are not limited 
by the strength of the tool, but by the pulling power. Under 
these conditions, it is only necessary to increase the pulling 
power of this machine to make it do four times the actual work 
that it formerly did. Here again is where the electric motor gets 
another big advantage. 

Thus it is seen there are two good reasons (and there are many 
more) for equipping machine-shop tools with electric- drive, 
namely: first, the ability at all times to run the tool at its maxi- 
mum cutting speed ; secondly, ability to supply the necessary pull- 
ing power. Among the other numerous advantages in equipping 
machine-shop tools with electric drive might be mentioned the 
ability of placing machine in any position at will, making them 
as it were, portable machines; absence of belts from the shop, 
with their accompanying obstruction to light and accumulation 
of dirt. 

SELECTION OF Motors. 

In equipping machine-shop tools with electric-drive, there are 
many points to be considered in the selection of suitable motors. 
The first consideration which directly affects the cost of installa- 
tion, is the highest permissible speed at which the motor can be 
operated. 

After determining this point, the next point is its lowest speed. 
Then we have the range through which the motor is to oper- 
ate, and after determining this range, the next question is the 
determination of the method of obtaining this range of speed, if 
it is desired to get different speeds by varying the speed of the 
motor. When using the so-called variable-speed motor, there 
are two methods available which practice has shown to be good; 
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one by varying the field strength, the voltage on the armature re- 
maining constant; the other by varying the voltage on the arma-. 
ture, the field strength remaining constant. The method which. 
first presents itself is, varying the field strength of the motor. 
This is a very simple and effective way, but it is accompanied 
by the disadvantage of requiring a larger motor than the other 
method. For instance, if a speed range of 2 to 1 is required, 
and the motor is run from a source of constant potential, the 
motor would require to be twice as large as a motor giving the 
same range by varying the voltage on its armature. In other 
words, a motor that will give 1 h.p. at 2,000 r.p.m. maximum 
with a weakened field, and would also be capable of running 
1,000 r.p.m. on a full field, would give 2 h.p. at 1,000 r-p.m. 
This motor would, of course, if designed to run at full field 
strength at 2,000 r.p.m., give 4 h.p. 

In the second method—that of varying the voltage on the 
armature, the field remaining constant—the size of motor re- 
quired for a given range can be compared as follows: Assume as 
above that a speed range of 2 to 1 is required and the speed will 
be varied by changing the voltage on the armature. One h.p. 
being required at all speeds as above and 1,000 r-p.m. being the 
minimum and 2,000 r.p.m. being the maximum, a motor that 
would give 1 h.p. at 1,000 r.p.m. on full field would give 2 h.p. at 
2,000 r.p.m. with the same field strength, but with double the 
voltage on the armature. Thus it is seen that in one method the 
motor has minimum h.p. at its maximum speed while in the 
other, the motor has minimum h.p. at minimum speed. 

Mr. L. R. Pomeroy in his paper before the Central Railway 
Club, spoke of interposing armature resistance in circuit with an 
electric motor for various speeds. He said in that connection: 
“‘ While it is obviously not advisable to presume in using the full 
range of such speed variation continuously, yet in conjunction 
with step-cones and back-gears, any intermediate speed between 
the cones or gears can be exactly met by the introduction of very 
slight amount of resistance or electrical regulation, and under 
such conditions such variation is feasible and practicable. This. 
represents the cheapest form of utilizing motor speed-variation 
from a standpoint of first cost. Next in point of cost is the use of 
a special type of motor, giving 100 per cent. field regulation. By 
this type of motor the varying requirements of almost any tool 
can be met at a slightiy increased cost over constant-speed or 
standard motors. This, in the writer’s judgment, is a rational. 
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method of meeting the case, as the range of speed is liberal, and 
its cost moderate. A motor of ordinary design will not permit 
of any considerable field weakening without deleterious sparking 
at the commutator, but with a special motor having small 
armature reaction, a variation in speed of 2 to 1 can readily be 
obtained; and when delivering a constant horse-power, the cur- 
rent will be approximately the same at all speeds, because the 
potential across the armature terminals is always the same. As 
the field current of a motor is only a small fraction of the total 
current, the efficiency of this method of control is practically the 
same at minimum and maximum speeds and allows the use of a 
much smaller controller and renders it possible to get a greater 
number of running speeds than can be economically arranged for 
with any other control.” 

He says that a motor with 100 per cent. field regulation, giving 
a speed range of 2 to 1, costs but little more than a standard 
constant-speed motor to do the same work. Asa matter of fact, 
this motor is four times as large as a constant-speed motor to do 
the same work at the maximum speed. Furthermore, this motor 
with 100 per cent. field regulation, if supplied with different 
voltages across its armature terminals, can be made to give 
another 100 per cent. speed variation by voltage regulation, 
thereby yielding a totai speed variation of 4to 1. Mr. Pomeroy 
says the speed variation of 2 to 1 is liberal, but if the same motor 
can be made to give, without additional cost, speed variation of 
4 to 1, there would seem to be. no reason why it should not be done 
and it would be more than liberal. This same conclusion was 
arrived at by Mr. Blackwell in his paper. He said: 

‘‘ In conclusion, I would say that in my opinion it will generally 
be found best to use motors with field-control, allowing a total 
speed variation of 2 to 1 with the two-wire system, or 4 to 1 with 
the three-wire system, believing that the four-wire system is too 
expensive for general application if the plants employing it are 
properly designed and equipped with iarge enough electrical 
apparatus.” 

It is seen from the foregoing that there isa great desire to obtain 
as wide a range of speed variation in the motor as possible. 
What one person may consider sufficient in this respect, would be 
considered entirely insufficient by another. The speed range 
through which a motor is to be operated for any given case is 
governed by a number of different considerations. The addi- 
tional cost of the motor for increased range of speed variation 
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will be offset by a saving in additional gearing and the ease of 
manipulation. The consideration of the last point is all import- 
ant. The time spent in juggling the gearing of any given 
machine will accumulate during the entire life of the machine, 
and means a constant expense which may, under some circum- 
stances, be much greater than the interest on an investment by 
which it would be eliminated in considering the difference in size 
and cost of motors to perform different functions. 
DETERMINATION OF Minimum Size Motor. 
If it is desired to have a motor that will give a speed variation 
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of 4 to 1 by shunt-field resistance, instead of 2 to 1 as in the 
former case, the motor would be four times as large (instead of 
twice as large as in that case) as a variable voltage motor to do 
’ the same work. Thus, it is seen that the limitation of shunt- 
field control is soon reached. However,a combination of shunt- 
field control and multi-voltage circuits gives an arrangement by 
which a comparatively wide range of speeds can be obtained 
without the motors being of excessive size. This may be readily 
understood by referring to curve sheet attached. Fig. 1. Curve 
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“A” represents change in h.p. of any motor when running on a 
weakened field: This might be called a diminution of h.p. 
curve. For instance, on the curve we see that a motor that will 
give 5 h.p. at 400 r.p.m. gives 1 h.p. at 2,000. . From this curve 
we can determine the minimum size motor that will be required 
for any given case, using either shunt-fiela regulation entirely, or 
combining shunt field-regulation and multi-voltage, or multi- 
voltage entirely. 

It might be stated that the very large class of machines which 
operate on cylindrical work, barring .a slight change in friction 
load through the different speeds of the machine, the cutting 
speed remaining constant, the h.p. remains constant. Suppose 
for instance that a given machine tool requires 1 h.p. to operate it 
under all varying conditions of service, and it is required to have 
a speed range of 4 to 1, we can get this in three ways: one by 
using entire field regulation, which will require a motor 4 h.p. at 
500 r.p.m. with normal field strength, Fig. 1, or a motor can be 
used, if two voltages, one of which is double the other voltage, 
are available, this motor will be required to be 2 h.p. at 1,000 
r.p.m., at normal field strength, or one-fourth as large as the 
motor giving this range by field control entirely, or this motor 
can be run at 2,000 r.p.m. by increasing the voltage. The h.p. 
of this motor, due to reduction in speed, by reduction in voltage, 
will decrease along line “‘ K,”’ Fig. 1, so that at 500 r.p.m. it will 
give 1 h.p. and also give 1 h.p. at 2,000 r.p.m. by weakening its 
field, following line “ A,”’ Fig. 1. It is seen from the curve that 
with two voltages, one of which is double the other, in combina- 
tion with weakening the field, that the range of speed of 4 to 1 
is the maximum that can be obtained from a motor which will 
be worked to its full capacity at’ both the minimum and maxi- 
mum speeds. 

If any greater range than this is required under these condi- 
tions, a larger motor must be used. For instance, suppose that a 
speed range of 5 to 1 is required, and the variation obtainable by 
changing voltage is only 2to 1. Assume as before that the maxi- 
mum speed is 2,000 r.p.m., the minimum speed will be 400 r.p.m. 
Now as 400 and 800 will be the speed variation by change in 
voltages, these voltages being in the ratio of 2 to 1 (say 110 to 220 
volts), a motor will be required that will develop 24 h.p. at 800 
r.p.m. on full field, or in other words, where the curve ‘‘ A”’ crosses 
the ordinate of 800 r.p.m., Fig. 1. The h.p. of this motor will 
decrease as all other motors, directly in proportion to its speed 
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by reduction in voltage, will therefore be 14 h.p. at 400 r.p.m., 
follow line ‘‘ E,”’ Fig. 1, being, in this case, slightly in excess of 
the power required at the slowest speed. The motor, however, 
in this case would be equivalent of a 3.1 h.p. at 1,000 r.p.m., as 
found by continuing line “ E” to 1,000 r.p.m., or more than 50 
per cent. larger than a motor to do the same work with a speed 
range of 4 to l. 

Mr. N. W. Storer in a paper read before the AMERICAN INsTI- 
TUTE OF ELECTRICAL ENGINEERS, in New York, November 21st 
last, in defense of the system as outlined above, said: 

“The operation of motors on this system is most satisfactory. 
The fact that the speed is increased so much by weakening the 

field might lead some to think that the commutation would suffer, 
but such need not be the case. An example will demonstrate the 
truth of this statement. A certain machine requires a 5 h.p. 
motor to operate it with a speed variation of 1 to 4, say from 375 
to 1500 r.p.m. On the three-wire system this motor will be a 
standard 10 h.p. 220 volt motor, operating normally at a speed 
of 750 r.p.m. Run with full field strength on the 110 volt 
circuit, which has only half its normal voltage, the motor wil!’ 
easily stand an increase of speed of 60 per cent. to 75 per cent., 
bringing the speed up to 600 or 650 r.p.m. When it is changed 
to the 220 volt circuit, it will have its normal capacity for 10 h.p. 
at 750 r.p.m.; but only half load is required and it will commutate 
this as easily at a speed of 1500 as it would 10 h.p. at 750, because 
both field strength and armature current will be divided by two. 
From this it may be seen that when the motor is running at full 
armature current, the voltage is only one-half the normal 
voltage. When the motor is operating at full voltage, the 
armature current is only one-half the normal current. If speed 
variations of 1 to 6 are required, they can be secured by a very 
slight increase in the normal field strength of the motor.” 

The last sentence of this quotation from Mr. Storer’s paper, 
would lead one to believe that there was but a slight difference 
between a motor that would give a speed range of 6 to l anda 
motor that would give a speed range of 4 to 1. As a matter of 
fact, the motor that would give a speed variation of 6 to 1 on the 
three-wire system, as outlined by Mr. Storer, would be 2} times 
as large as the motor to give 4 to 1 on the same three-wire system. 
This is very easily deduced from the curve shown. However, if 
a different ratio of voltages were available to operate the motor 
upon, a motor that would give a 6 to 1 variation would be only 
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50 per cent. larger than a motor to give a range of 4 to 1. 

Assume that a speed range of 10 to 1 is required, with, as 
before, 1 h.p. at all speeds, the motor which would fulfill the 
conditions of being worked to its full capacity at the minimum 
and the maximum speeds would be the motor whose h.p. would 
be represented by the line ‘‘ G,”’ Fig. 1. This motor would have 
as maximum rating 3.2 h.p. at 640 r.p.m., or a range of speeds by 
voltages of 3.2 to 1, so that the range of voltages must bear this 
ratio. A motor that will give this speed variation by shunt field 
regulation entirely would be 10 h.p. at 200 r.p.m. This motor 
would give 32 h.p. at 640 r.p.m., if designed to run with full field 
strength at this speed, or would be ten times as large as a motor 
giving the same range, operating on a combined system of multi- 
voltage circuits and shunt field regulation. Thus it would seem 
that shunt field regulation is prohibitive for any such speed range 
as 10 to 1. 

in explanation of the curve, it might be said that the lettered 
lines representing the change of h.p. due to change in speed, are 
not strictly according to change in voltage, but change in revo- 
lutions per minute, but they vary so little from this that no great 
error will be introduced in using these lines to represent the range 
of voltages as well. The curve “ A’”’ representing the decrease 
in h.p. due to change in speed by shunt field regulation is strictly 
correct. 

In further explanation of the use of the curve attached, in any 
given instance if the speed range has been determined, as well 
as the maximum and minimum speeds, the full field voltage or 
normal rating of the motor can be ascertained from the curve as 
follows: Locate on the curve ‘“‘ A”’ the point corresponding to 
the maximum speed which it is desired to operate. Trace to the 
left from this point on the scale of ordinates and read the h.p. 

This h.p. may not be the actual h.p: in any given case, but it 
can be assumed as proportional to the actual h.p. required. 

Again trace from the minimum speed, which is desired to oper- 
ate, vertically until the horizontal line which represents the same 
h.p. that was determined from the curve “A”’ is reached. 
Through this point draw a straight line from the origin “ O,” 
intersecting the curve “A.” From the point of intersection 
trace downward to the base line and the full voltage full field 
speed of the motor will be found. 

Now, to get the minimum speed we must use some other 
method than field control, because the field is already up to its 
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maximum strength, and we therefore introduce a lower voltage. 
The ratio that this lower voltage bears to the normal voltaze is 
the same as that which the lower speed bears to the normal 
speed. By this combination of multi-voltages and field coatrol 
we are able to get the minimum size motor for the given work. 

To illustrate, let us assume that it is desired to operate the 
- motors at a minimum speed of 350 r.p.m.,a maximum of 2,100 
r.p.m., as has been suggested for some installations. 

We have a rating of approximately 1 h.p. from the curve “ A.” 
Tracing vertically from 350 r.p.m. to the line which correspoad 
to 1 h.p., and drawing a straight line from the origin “ O,”. 
through this point until it intersects with the curve “ A,” we find 
that the full voltage full field poe of the motor should be 825 
Eapstiiy Laltiongy, 

The ratio between 350 and 825 is 2,4, approximately. This 
would, therefore, be the ratio of the voltages (maximum and 
minimum) to be used. If the maximum voltage is 250 volts, the 
minimum voltage would be 110. The motor would run at 350 
at full field on 110, and run at 825 on full field at 250; and 2,100 
on weakened field at 250 volts. 

However, assume that it is desired to get this same speed 
range, the ratio of voltages being 2 to 1 instead of 23;to 1, as in 
the previous case. As the minimum speed will be given by the 
lowest voltage, the highest voltage will of course give twice that 
speed, or 700 r.p.m. From the curve ‘“‘ A ”’ it is at once seen that 
the smallest motor that can be used to give 1 h.p. at 2,100r.p.m. 
will give 2,4; h.p. at 700 r.p.m. This is a point which is found by 
tracing vertically from base line at 700 r.p.m. to the curve “ A,”’ 
Following the line “ H,’’ Fig. 1, towards the origin, until we come 
to the point that corresponds with 350 r.p.m., we see that this 
motor will give 1.4 h.p. at 350 r.p.m., or is in excess of the power 
required at this speed. 

In comparing the size of the motors required to do given work, 
one at full voltage full field speed of 700 r.p.m., the other at full 
voltage full field speed of 825 r.p.m., one would give 3.3 h.p. at 
825 r.p.m., as against 2.4 h.p. at 825 r.p.m. of the motor having 
the wider range of voltage. 

It has developed that the multi-voltage system, consisting of 
four wires and three different voltages, having a total range of 
voltages of about 4 to 1, while fulfilling the conditions for which 
it was designed, is not being worked to its utmost capacity as 
regards speed range; the reason for this being mechanical limita- 
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tions. That is to say, that where a range of 74 to 1 is now 
obtained, one would be able as far as the motor is concerned 
electrically to get a range of 16 to 1. The reason for this is that 
the motor is not speeded up above its full field full voltage speed 
to as great an extent as it might be, and still develop the same 
power that it develops at its minimum speed. 

As seen by the curve referred to, the available range of speed 
for constant h.p. on any given motor is as the square of the ratio 
of the voltages on which it is operated. That is to say, if a speed 
range of 9 to 1 is desired, the voltages need have a ratio of only 
3tol. From this it is at once observed that it is unnecessary to 
use a range of voltages of 4 to 1 for a speed range of 74 to 1. 

In referring to constant h.p. it is not to be understood that this 
h.p. is the maximum h.p. of the motor. It is the maximum h.p. 
however that the motor will yield at its minimum and maximum 
speeds. At all intermediate speeds it will have an excess power. 

All of the limitations in regard to speed range for any given 
range of voltages, is based on using a motor of the smallest possi- 
ble size to develop at its minimum and maximum speeds the 
power called for. This applies only to motors delivering practi- 
cally a constant h.p. at all speeds. 

Motors FOR SLOTTERS, PLANERS, ETC. 

Great care should be exercised in selecting motors for different 
machines to determine whether the h.p. required is practically 
constant, or varies with the speed. In most machines of a recip-. 
rocating nature, slotters, shapers, planers, etc., the power 
required varies with the speed, as the power is consumed in the 
machine in reversal and not in the actual work being done. In 
cases of this kind the motors should be specified to run on fuli 
field, full voltage at the maximum speed required, getting speed 
variation by the use of the multi-voltage circuits and shunt field 
resistance for intermediate speeds. That is, no resistance is to 
be used in the shunt field of the motor, when the motor is operat- 
ing on full voltage. 

Some trouble has been encountered in getting speed variation 
on the class of machinery in which the h.p. varies with the speed 
by using shunt field resistance. This will be entirely overcome 
by the arrangement proposed. 

‘ In some installations, the speed range as well as the number of 
different speeds is very much less than has been gotten with the 
four-wire system of multi-voltage. Where a range of 7} to 1, 
with 26 different speeds has been obtained by the four-wire 
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multi-voltage system, the range has been 5 to 1, with six and # 
eight speeds on other systems. It is evident that such a reduc- 
tion in speed range and in the number of speeds must naturally 
reduce the cost of an equipment, at the same time very materially 
reducing its efficiency. 

In the case of a speed range of 4 to 1, considering a maximum 
speed of 1450 or 1500 r.p.m., as in the previous case, the minimum 
speed instead of being 200 would be 360 to 375 r.p.m., and as the 
minimum speed determines the size of the motor for a given h.p., 
the motor should be just that much smaller. 

Mr. Blackwell, in his paper, said: “‘ It is therefore seen that a 
motor to be used on the multi-voltage system will have to be 
sufficiently large to carry its maximum h.p. at the minimum 
potential; or, in other words, at say 40 volts on a 250-volt sys- 
tem, the motor will have to be six times too large when working 
at its maximum potential.”’ 

This is, of course, strictly true, and applies equally as well to 
speed regulation obtained by shunt field resistance, only in a 
very much magnified degree. While a motor will be six times 
too large when operating at six times its speed, the speed being 
increased by an increase in voltage in order to get the same 
range by shunt field regulation, the motor would require to be 36 
times the size it would be if only operating at the one maximum 
speed. This in itself is sufficient proof of superiority of the sys- 
tem of getting variable speeds by variable voltages over the sys- 
tem of shunt field regulation exclusively. 

From this, it follows that a motor whose speed is to be varied 
by change in voltage, field excitation remaining constant, will be 
directly proportional in size to the change in speed, while a motor 
whose speed is to be varied by change of field excitation, will be 
in size as the square of the change in speed. 

RuLes FoR DETERMINING Size or Motors. 

In conclusion, the writer would indicate a few rules to be used 
in determining relative sizes of motors for constant h.p. appli- 
cation. 

First.—The total range of speed, using both variable voltage 
and field regulation, will be as the square of the range of voltages. 

Second.—Change of h.p. will be directly proportional to change 
of voltage on armature, field being constant. 

Third.—Change of h.p. by change of field strength will be 
inversely proportional to change in specd, voltage on armature 
remaining constant. 
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Fourth.—The relative size of motor as referred to the maxi- 
mum speed will be directly proportional to its speed variation 
when using variable voltages. 

Fijth.—The relative size of motor as referred to the maximum 
speed will be as the square of the speed variation when using 
field regulation. 
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A paper read at the 171st Meeting of tne 
American Institute of Electrical Engineers 
New York, December 19th, 1902. 
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BRAKING AND TRACTION BRAKES. 


INTRODUCTION BY PRESIDENT SCOTT. 


In considering the engineering problems connected with the 
operation of cars or trains, our minds naturally turn to the posi- 
tive features. The motive power and the means provided for 
controlling it while starting or running cars or trains are the mat- 
ters which at first attract attention. Thenegative problems, how- 
ever, are of importance and become of greater moment as weights 
and speeds increase. 

I well remember as a boy the difficulties encountered by pas- 
senger trains in stopping at stations. The brakemen were called 
to the platforms by the engine whistle, but frequently the trains 


were considerably past the station platforms before they stopped. 


It was then netessary to back to the station. J remember also 
learning from a friendly engineer that the engineers of his road 
insisted that their pay should be increased for the added duties 
which were to be placed upon them when they would be called 
upon to do the work of the brakemen through the agency of the 
air brake. 

Difficult braking problems are now being encountered in elec- 
tric traction. Weights have increased tenfold and speeds on 
our streets have increased three or fourfold, thereby increasing 
the stored energy in the car one hundred times, and the old hand 
brake of the horse caris inadequate. Interurban railways with 
their still heavier cars and far greater speeds make the problem of 
braking quite similar to that _n steam railway service. 

In electric service on elevated and underground city railways, 
where stops are frequent and high schedule speeds are essential, 
certain new elements have entered into the braking problem. 
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Ordinarily, brakes are for the purpose of facilitating traffic and 
preventing accident. The new feature of commercial value 
which has come into the problem is that of quick retardation. 
The run from one station to the next consists in acceleration, run- 
ning at a sensibly constant maximum speed, and retardation. 
To increase schedule speed, it is important to lessen the time of 
retardation as well as that of acceleration. This isanew demand. 
It presents a new point of view in braking problems which have 
not previously been of importance in regular service. 

This is illustrated by the marked difference which may be 
made in the schedule speed under average conditions such as pre- 
vail on the elevated railways of Greater New York, by changing 
froma low rate of braking to quick retardation. A change in 
the rate of retardation from one mile per hour per second to 
three miles per hour per second, all other conditions remaining 
exactly the same, increases the schedule speed about 10 per 
cent. This effects a saving in time to the passengers of 10 per 
cent., and it reduces the number of trains required for carrying 
a given number of passengers by 10 per cent.; or what is more 
important, the same cars may carry 10 per cent. more passen- 
gers. 

We may divide the brakes in ordinary use into two classes; 
hand brakes and power,brakes. The latter may be again sub- 
divided into air brakes and electric brakes. When the air brake 
is used on clectric cars, electricity is an acceptable auxiliary 
through the agency of the motor-driven pump. 

Electric brakes are of several general types. The motor itself 
may act as a brake in either of several ways. The motor may be 
reversed. This is a severe measure which is seldom applied 
except in an emergency. The motor may be used as a dynamo 
for absorbing.the energy or motion of the car. The power deliv- 
ered by the motor (or dynamo) may be employed usefully by 
being returned to the line, in charging a storage battery on the 
car, or by heating rheostats which are used for heating the car, or 
on the other hand, it may be wasted in rheostats under the car. 

Again, the current from the motor may be used for operating 
some form of magnetic brake. In this case the car is retarded 
both by the energy taken by the motor acting as a dynamo and 
also by the friction produced in the magnetic brake. The brake 
in this casé’may consist of two discs one stationary and the other 
mounted on the car axle, or it may be a track brake in which there 
is friction between moving shoes and the track rail. 
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Magnetic brakes may be operated independently of the motors 
by current obtained from the line or from a storage battery. 

These methods indicate various ways in which electricity may 
- be used for braking and make obvious the extreme flexibility of 
electricity in its application to problems of this kind. The appli- 
cation of the braking effect in proper amount at the proper time 
and with a reliable method of control, places very exacting re- 
quirements upon the designer of braking appliances. 

The importance of the braking problem makes it a fitting ay 
appropriate subject for consideration by this INsTiruTE. We 
may congratulate ourselves upon having to-night two papers, 
one of which presents the results of tests upon an important city 
railway, while the other sets forth the general problem of braking 
in a comprehensive manner and presents the subject in a way 
which will be of great value to those who have to deal with the 
design and equipment of braking apparatus and to those whe 
are called upon to determine the requirements and to select the 
apparatus for particular installations. 


A paper read at the 17\st meeting of the American 
Institute of Electrical Engineers, New York, 
December 19, 1902. 


SOME BRAKE-TESTS AND DEDUCTIONS THEREFROM. 


BYGe tin Duka Vie 


A description of a method of making brake- 
tests, and of arecording apparatus used in this 
method; also results from testson a number 
of varieties of brakes and an empirical equa- 
tion showing the operation of these brakes un- 
der different conditions, the coefficients 
entering into the equations being derived 
from the tests. Illustrated. 


On account of the widely varying conditions of electric railway 
operation, and of the fact that the design of equipment and track 
has been ir. a period of evolution from horse-car practice to a con- 
dition approximating heavy railroad practice, many branches of 
the art, especially the subject of braking, have not been devel- 
oped in the same proportion tc their possibilities as has the subject 
of train-braking with locomotive traction. It is apparent that 
the conditions of electric traction and the service reauirements 
and constructions which have mede desirable, and even necessary, 
great advances in the methods cf braking, have also to some 
extent rendered these advances possible, and have given to in- 
vestigators of the subject, as well as users of train- and car-brakes, 
a new interest and a broader field of activity. 

On the braking of elevated and light interurban cars or trains, 
the aspect of the problem has, of course, been changed from the con 
ditions of locomotive traction—slow acceleration to compara- 
tively low maximum speeds, and the braking of light cars with 
maximum passenger load equal to 60 or 70 per cent. of weight of 
cars—to the conditions of electric traction with distributed 
motors. In the latter case the motors are carried on the passen- 
ger trucks, with armatures geared directly to axles; here we find 
rapid acceleration to high maximum speeds, and the braking of 
cars with maximum passenger loads equal to but 45 or 50 per 
cent. of the weight of cars. The rapid acceleration and high 
maximum speeds with very efficient braking make possible high 

schedule speeds under conditions of frequent stops. A concur- 
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rent condition, in many instances of the first importance, is the 
relation between effective braking and liability to accident 
Notwithstanding these changes in mechanical limitations and 
operating requirements, many small electric railroad companies, 
and even many very large systems, have apparently been satis- 
fied with old apparatus and have continued to use the single 
floating lever (or sway bar) inherited from horse-car practice. 
Another class of users have, at great expense, equipped their cars 
with novel and complicated apparatus, to be used in developing 
greater force for the application of brake-shoes to wheels than 
could be produced with similar dispatch by human muscular 
effort when applied to brake-wheels or crank-handles. A third 
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class of users and a large class of investigators have endeavored to 
effect the retardation of cars by other means than friction between 
wheel and rail set up by the pressure of brake-shoes upon wheels. 
A class of braking which is of the first importance on account 
of the very large number of cars in service, and the magnitude of 
the accident liability affected by them each year, is the emergency 
braking of cars of from 15 to 25 tons weight (including passenger 
load), from speeds which are under 30 miles per hour. This class 
of brake-service is clearly differentiated from what is commonly 
known as “ high-speed ”’ braking, and requires for its accomplish- 
ment a different sort of apparatus. Consider, for instance, the: 
case of a double-truck electric car used in city, suburban or inter-- 
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urban runs, or for all three classes of service collectively. This is 
a very ordinary case, and perhaps the most exacting requirements 
on the braking apparatus of such a car are those met with in the 
city or suburban runs, where cars are operated over public high- 
ways and unprotected crossings at comparatively high speeds. 
Under these conditions, emergency stops must often be made 
and a braking apparatus is required of sufficient capacity to stop 
a car that is moving at a rate varying from 15 to 30 miles per 
hour, and in the shortest possible distance after the motorman 
receives notice of the necessity of checking the speed. 

Such cars are frequently equipped with either merely a hand- 
brake and a single floating lever (giving anywhere from 25 per 
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FIG. 2 


cent. to 40 per cent. excess brake-pressure on the rear brake) ; 
with a hand-brake and some system of equalizing levers; with 
air, or other power-brake and equalizing levers; or with some 
power-brake in which, in addition to the friction introduced 
by a rail-shoe depending for its friction upon a portion of the 
weight of the car, there is an entirely separate frictional force set 
up by electromagnetic action between the rail-shoe aid the rail. 
None of this apparatus, except, perhaps, the last mentioned, 
exhibits any marked advance over the braking of cars used in 
locomotive traction in city or suburban service. 

No attempt will be made in this paper to give a comprehensive 
summary of the principles and theory of braking, distribution of 
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pressure between trucks or wheels or the design and construction 
of foundation rigging, or truck rigging. It will contain a brief 
statement of certain methods which have been used in the deter- 
mining for an electric traction company the relative merits of 
several types of power-brakes. 

In desiginng new or investigating existing brake-apparatus, 
the identity and relative importance of the several consecutive 
events which occur in the stopping of a car under ordinary condi- 
tions should be fully considered. It was thought desirable in the 
brake tests described below to plot accurately a curve-sheet, such 
as is shown in Fig. 8, where the distances in which a car can be 
brought to a stop from different speeds at brake-signal, are shown 
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graphically for the brakes under consideration, as this is the first 
question usually asked concerning the performance of a brake. 
A curve-sheet was worked up for each braking test, and speci- 
mens of these sheets for individual stops are shown in Figs. | to 6. 
A considerable number of individual sheets were worked up for 
each type of brake tested, and from these sheets were determined 
coefficients or equations of curves of comparison, as shown 
on chart, Fig. 8. 

Figs. 1 to 6 are specimen speed—time and distance—time 
curves for emergency stops with six different types of brakes. 
Fig. 7 is a diagram showing the’ method of obtaining accurate 
measurements of the distance required for stops. . Fig. 8 is a 
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comparison chart showing stops from speeds of 12 to 18 m.p.h., 
with 6 different brakes. In Fig. 9 the recording apparatus used 
in these tests is illustrated, the means shown for producing a 
simultaneous record of current and voltage not being required for 
use in these brake-tests. 

The following method was adopted to secure the requisite data 
for plotting these curves: 

In all tests the same type of car was used, mounted on similar 
trucks, and all cars were put in as nearly the same condition as 
possible and loaded to the same gross weight by an amount equiv- 
alent to a heavy passenger load. The cars were run in the same 
direction over the same section of track on a uniform grade, wind 
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FIG. 6 
and humidity conditions being as nearly uniform as possible, and 
great care was taken to determine with accuracy in each case the 
speed of the car at brake-signal and the actual distance traversed 
between brake-signal and the stopping of the car. An axle of the 
car was fitted with a drum carrying a contact plate which mo- 
mentarily closed a battery circuit once in each revolution; this 
circuit energized an electromagnet operating one of two recording 
pencils, under which a strip of paper was drawn at uniform speed 
by a very accurately adjusted spring-motor. The operating mag- 
net of the other pencil of the two above mentioned was energized 
by a circuit which was closed every half second by a contact 
maker actuated bya carefully adjusted clock-movement. It will 
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be readily seen that with this apparatus a record-sheet could be 
obtained that would contain a clear record of wheel-revolutions; 
from this the number of revolutions during any interval or the 
duration of any particular wheel-revolution could be determined 
with great accuracy; the method of using this apparatus to ob- 
tain the data desired was as follows: 

DIAGRAM SHOWING METHOD OF DETERMINING DISTANCE FROM BRAKE: 

SIGNAL TO STOP. 


When the arrow mark on wheel is in contact with rail, the revolution-counter 
circuit is closed by contact on axle. Each run started with this mark in contact. At 
stop the point of contact between wheel and rail was marked on rail, and the car rolled 
on until the arrow mark on wheel again came in contact with rail, giving the final 
fractional part of a revolution to be used in getting the total length of run by wheel- 
revolutions, which was subtracted from the length of run by tape measurement to get 
the distance skidded. 


A—Position of wheel at start. 

B—Position of wheel at stop. 

C—Position to which wheel was rolled to get last fractional part of a revolution. 
S—Point at which brake-signal was given, determined by record of revolution- 


counter. 
A B—Tape measurement; total distance run. 
A S—Computed from Revolution-Recorder, 
A B—A S = Distance to stop = S B. 


The car was placed near the starting point and moved back- 
ward or forward until the contact on the axle drum was closed, 
then the point of contact between the wheel and rail was chalk- 
marked both on wheel and rail. Then the record-paper was put 
in motion, the car started and brought up to speed very gradu- 
ally to avoid the possibility of slipping of the wheels. When the 
desired speed was attained, an electric bell was rung as a signal 
for a emergency stop. The circuit of this bell traversed the 
operating magnet of the chronograph pencil, and by drawing this 
pencil farther than it was ordinarily drawn by the clock circuit, 
produced a clearly defined record of the exact time at which the 
signal-bell was rung. When the car was brought to a full stop, 
the bell was rung again in order to make a record of the time 
elapsed between brake-signal and stop. The position of the 
point of contact of the front wheel was then carefully marked on 
the track and the car moved slowly along until the first chalk 
mark made on the wheel was brought again in contact with the 
rail, and the rail was marked at this point. A tape measurement 
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was then made between the first and second marks, giving accur- 
ately the total length of run; and between the second and third 
marks, to determine the distance traversed in the final fractional 
part of a wheel-revolution. The distance from start to brake- 
signal determined by the wheel-revolution record on the chrono- 
graph-chart was calculated; this distance deducted from the total 
length of run (a tape measurement), gave an accurate measure 
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of the distance from brake-signal to stop. Furthermore, where 
there was a difference between the total distance run by tape 
measurement and the total distance indicated by the wheel- 
revolution chart, such difference only occurred in case of skidding 
then the difference was the measure of the distance skidded. 

It should be noted that by the use of the methods outlined, the 
measurement of the two quantities whose accurate determinaticn 
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is essential to an accurate brake-test—namely, the speed at brake- 
signal and the distance to stop—are obtained with a high degree 
of accuracy and with apparetus which can be attached to any 
carin afew minutes. This apparatus is complete in itself, no 
stops, signals or other special appliances being required on the 
track or roadbed. 

The time elapsing between brake-signal and stop, may for the 
present purpose of tests of emergency stops be divided into three 
parts: 

1. Duration of time between brake-signal and Ponaine of 
movement of brake-handle or lever by motorman; that is, the 
personal equation of motorman. 

2. Duration of time between beginning of movement of brake- 
handle or lever and setting of the brake-shoes. 

3. Duration of time between the setting of! the brake-shoes 
and stopping of the car. 

The first interval of time above depends on the motorman, the 
second on the brake-mechanism, and the third on the amount of 
the frictional resistance which can be developed between the car 
and the rails, for a stop from a given speed. The first and second 
intervals of time are practically constant for a given motorman 
and brake-apparatus and independent of speed; the third inter- 
val will vary with the speed at brake-signal. 

After being brought up to speed and allowed to run without 
power, the speed of cars on the test-track was found to fall off at 
the rate of about 0.16 miles per hour per second. Hence, for a 
given brake and motorman the distance run by car from time of 
brake-signal to time of full application of brake-shoe would be: 


(s pele st )1. 467 T = d (distance in feet) 


where S= speed at brake-signal in miles per hour, 
T = time from brake-signal to application of brake-shoes. | 
At the end of time T the car would have run a distance d and 
would have @ speed of (S — 0.16 7) miles per hour, and from this 
point to the point of stop, the distanced’ would be: 
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where K = rate of braking in miles per hour per second from set- 
ting of brake-shoes to stop. 
The total distance being the sum of d+d', we may write 


ie rad 


= D 


Ge =e ) 1.467 T+ (S - 0.16.7)? 3 


where D = total distance from brake-signal to os Collating the 
coefficients of S and S’, we get the following equation, showing 
the relation between D and S: 

D=LS?+ MS4N 


where L = mee 
0.235 
M = (3. 467 — ole 
N= ea - 0.17) 


L, M and N being practically constant for each equipment. 

From test stops, with each brake, curves were plotted showing 
speed on a time-base from the brake signal to time of stop. 
From these curves may be obtained values for T and R, and 
from these the values of the coefficients of S? and S in the above 
equation may be computed. From this equation with D and S 
as variables, we may compute the values of D (distance) corres- 
ponding to several values of S (speed), and plot a curve showing 
for different speeds the distances run from brake-signal to stop 
for each of the equipments tested. 

To get the time elapsed from brake-signal to stop from different 
speeds at brake-signal we have the following relations: 

T = 1st and 2d parts of time above referred to. 


S- O16-T « 
R 
Hence, the total time from brake-signal to stop from a given 
speed at brake-signal will be: 


S016 5 
SE ae 


= 3d part 


where ¢ = time in seconds from brake-signal to stop. 
T = time from brake-signal to setting of shoe. 
S = speed at brake-signal. 
R = rate of braking in miles per hour per second from set- 
ting of shoes to stop. 
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The coefficients of this equation for any equipment may be 
obtained as noted above from the speed-curves, and, these coeffi- 
cients once determined, the values of ¢ for several values of S 
may be computed; and from these values a curve may be plotted 
showing for different speeds at brake-signal the time from brake- 
signal to stop foreach of the equipments tested. Distance- and 
time-curves have been plotted in this way for brakes A, B, C, D, 


E and F. 
These charts show the relative efficiencies of the various brakes 
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for emergency stops; for instance, at 153 miles per hour speed 
at brake-signal, the distance from brake-signal to stop are: 


For Brake A, hand-brake, S64 ts 
+ *. _B, power® “ Lio. 
sé « an “ec «6 ¢ 112 6c 
“ ae ; i; ae - ae aN : LOO. 
= “_E, power-brake B, with differential levers, 93 “‘ 
. ““_F, power-brake, 80 ‘ 


These curves show plainly the relative eiacane of the sev- 
eral brakes in making emergency, stops. . 
To reduce the liability to accident and to effect economy in the 


1902.] KEILEY: BRAKE TESTS. 231 


use of motive power, it is desirable to secure as high a rate of 
braking as is consistent with the comfort of passengers; and if 
we assign a total cost per equipment per year to each type of 
brake considered, then the most desirable brake will be that for 
which this totalisa minimum. The total cost per equipment per 
year should include the following items: 

Cost of maintenance, labor and material. 

Cost of power for operating brakes. 

Interest on investment. 

Cost of accidents per equipment per year. 

The cost of maintenance and for power must be estimated 
from the best data at hand. As to the cost of accidents, a figure 
was readily obtained for hand-brakes. A figure was also obtained 
for brake D, for which the record of a number of equipments was 
accessible. From these amounts, chargeable to hand-brakes 
and brake D, the amounts which should be applied to the other 
brakes were estimated by a graphical method, taking into consid- 
eration the distances in which stops may be made with the respec- 
tive brakes. Under the item of cost of power in the original com- 
parison a charge was made against the hand-brake, which repre- 
sents the amount of power necessary for operation with hand- 
brakes in excess of what would be required with a power-brake, due 
to the lower rate of braking with hand-brakes; as the same sched- 
ule speed can be maintained at a smaller expenditure of energy by 
using a more effective brake, the time of running with power 
being reduced and cars allowed to coast a greater distance. 

Below is given an approximate comparison table for several 
power-brakes: : 
APPROXIMATE COMPARISON TABLE. 
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The totals above, which are, of course, only of approximate 
accuracy, show that under certain conditions a very considerable 
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amount per annum may be saved by the judicious selection of 
brakes. 

One practical result of the tests above described was the appli- 
cation by the writer of differential levers to hand-brakes; one 
form of construction of this type of foundation rigging being 
shown at Fig. 10. The levers as shown may be varied from 0 per 
cent. to 19 per cent. excess pressure on the front truck and may 
be adjusted to suit different types of car-bodies. Another result 
was the application of differential levers to one type of power- 
brake, the braking characteristic curves B and E, Fig. 8, showing 
that the distance required to stop a car with power-brake B has 
been reduced by approximately 18 per cent. by the use of non- 
equalizing levers, applying to the front truck a braking pressure 
exceeding that applied to the rear truck in a certain predeter- 
mined ratio. 


A paper read at the 171st. Meeting of. the American 
Institute oj Electrical Engineers, New York 
Dec. 19, 1902. 


RAILROAD-CAR BRAKING. 


BY Rew Aw Ae Keays 


. A sketch of the practical development of 
brakes in railroad services; an analysis of the 
results of investigation of brake-shoe friction; 
a definition of the requirements and limita- 
tions of brake efficiency in practice; a consider- 
ation of the loss of braking efficiency through 
disturbance of, the normal, rail-pressures by 
brake retardation and a description of the 
means of compensating for it. The peculiar 
characteristics of the magnetic brake are also 
briefly described. | Illustrated. 


The braking problem is as old as railroading and, in the early 
conception of it, the problem appeared a simple one.’ Practical 
_tailroad ng had .no sooner accomplished the motion of trains 
than the necessity for stopping them appeared, and it was early 
perceived that the “adhesion,” as it was usually called, or the 
frictional resistance to sliding of the wheels upon the rails, through 
which the wheels continue to rotate in spite of considerable 
resistance, is the most available retarding force. The applica- 
tion of a brake to the wheel to excite the retarding influence of 
the rail friction has naturally suggested itself; and when, in addi- 
tion, the simple mechanism was provided for manual'y applying 
the brake to the wheel with sufficient force, in an emergency, to 
‘cause the wheel to slide upon the rail, the braking problem 
appeared to have been satisfactorily solved. ‘Under the operating 
conditions of railroading then existing, the application by hand 
of brakes to a portion of the wheels of a train was ordinarily 
Sufficient.for ail practical purposes, and when, in an emergency, 
the brake resistance so acquired was sufficient to overcome the 
235 
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rail friction and cause the wheels to siide upon the rails, it was 
quite generally conceded that the most that could be expected. 
had been accomplished and a disaster not averted by such means. 
was accepted as one of the unfortunate but unavoidable con- 
tingencies of railroading. This early method of controlling the 
speed of trains has since been modified only by the substitution 
of mechanical for physical power in the application of the brakes, 
which has been extended to all the wheels, and by so restricting 
the pressure of the brake shoes that the wheels shall not be 
caused to slide upon the rails; but the diversified and intricate 
character of the influences now recognized as constituent ele- 
ments in the efficiency of the power-brake, have involved the 
subject in much complication. 

The advantage of the use of power, under the control of the 
engineer, for promptly applying brakes upon all the wheels of a 
train, early became recognized, and the special advantages of 
compressed air for the transmission of the power throughout 
trains of considerable length, established the air-brake in a pre- 
eminent position. - At first, the compressed air was stored in a 
reservoir upon the locomotive and, by means of a line of iron 
pipe, extending throughout the length of the train, with flexible 
hose and couplings between vehicles and an operating valve upon 
the locomotive, it was conducted to the brake-cylinder upon each 
car, by which the brakes were applied to the wheels, through the 
intervention of suitable rods and levers. The time required to 
convey the necessary volume of compressed air from the storage 
reservoir upon the locomotive to all the brake-cylinders of even a 
comparatively short train, and the total disability resulting from 
rupture at any point of the air-conduit, caused this form of air- 
brake to be supplanted by the automatic air-brake, in which an 
auxiliary storage reservoir, of sufficient capacity to operate a 
single brake-cylinder, was added upon each car. Through the 
operation of a triple-valve device, which connects the train-pipe 
or air-conduit, the auxiliary reservoir and the brake-cylinder upon 
each car, admission of compressed air into the train-pipe causes 
each auxiliary reservoir to become charged to operate the brakes, 
and discharge of air from the train-pipe, from any cause, causes 
communication with the auxiliary reservoir to be transferred 
from the train-pipe to the brake-cylinder, whereby a correspond- 
ing quantity of compressed air is discharged from the auxiliary » 
reservoir into the brake-cylinder. By defining the reduction of 
pressure of air in the train-pipe, the pressure of the brake-shoe 
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upon the wheels may be graduated to any desired degree within 
the limit established by the ultimate equalization of air-pressure 
in the auxiliary reservoir and the brake-cylinder, and accidental 
rupture of the train-pipe instantly operates to stop the train and 
to prevent further progress without effective repair. In any case, 
restoration of the air-pressure in the train-pipe actuates the triple 
valve to re-establish access to the auxiliary reservoir, whereby it 
is recharged with air-pressure, and to transfer communication 
with the brake-cylinder from the auxiliary reservoir to the atmos- 
phere, through which the brakes are released. 

When the automatic air-brake became employed upon freight- 
trains, it was discovered that, in making a quick stop by venting 
the train-pipe at the locomotive, the interval of time required to 
cause an operative reduction of the air-pressure in the train-pipe 
at the rear end of the train was so considerable that effective 
application of the brakes upon the rear cars was delayed until 
sufficient retardation of the forward portion of the train had 
become effected to cause collision with the rear cars that 
damaged and often disabled the cars and did violence to the 
lading. To remove this obstacle, the automatic air-brake 
became superseded by the quick-action automatic air-brake, in 
which, when a quick stop is desired, each triple-valve opens a 
vent in the train-pipe, in addition to the vent upon the locomo- 
tive. By this means, an operative reduction of the air-pressure 
progresses throughout the train-pipe, of the longest trains, with 
nearly the velocity of sound, and damage from the serial charac- 
ter of the application of brakes by compressed air becomes prac- 
tically eliminated. Incidentally, also, in the local venting of the 
train pipe air at each succeeding triple-valve, the utilization of ~ 
this source of power, formerly wasted at.the engineer’s operating 
valve, was accomplished by conducting the vented air into the 
adjacent empty brake-cylinder, before it receives the ordinary 
supply provided by the auxiliary reservoir. Thereby, the ulti- 
mate air-pressure in the brake-cylinder is augmented about 20 
per cent., and the character of the application of the brakes in 
disaster-threatening emergencies is further distinguished from 
that in ordinary service, where neither the violence nor the power 
of the emergency application is desirable or even tolerable. 

While the character of the development of the compressed air 
~ brake has thus been chiefly dictated by conditions rendered con- 
spicuous by increased length of trains, and would hardly have 
been suggested under the conditions to which electric railroad 
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operation appears best adapted, the high operative efficiency and 
other advantages thereby acquired are participated in by short 
as well as long trains, and are therefore of interest in dealing with 
the question of braking in electric service. Where even only two 
cars are operated together as a train, the automatic feature of the 
air-brake is still essential, in precisely the same way, if not in the 
same degree, as in longer trains, and, except where cars are al- 
ways operated singly, the same is true of the increased efficiency 
secured through the quick-action feature of the automatic brake. 

The first systematic or comprehensive investigation of the 
effect of brakes upon the wheels of moving vehicles was that 
of an elaborate series of experiments, conducted upon the Lon- 
don, Brighton and South Coast Railway, in 1878, with apparatus 
constructed and operated by George Westinghouse, under the 
supervision of Capt. Douglas Galton, representing the Institution 
of Mechanical Engineers, and which are now commonly known as 
the ‘‘ Westinghouse-Galton ” brake-tests. The ingenuity and 
perfection of the apparatus, and the scientific and unbiased char- 
acter of the experiments, establish this investigation upon a high 
scientific plane and give its results an authoritative standing 
which has never been impaired or supplanted by subsequent in- 
vestigations. Had the range of these experiments been extended 
but a little farther, the entire subject would have been elucidated. 
In fact, while later experiments have demonstrated the import- 
ance of additional information, that information has not yet 
been definitely supplied, and the Westinghouse-Galton investiga- 
tion still stands as the only reliable source of definite knowledge 
concerning the important characteristics of brake-shoe friction. 

More recent investigations have been conducted upon a 
machine devised for experimenting upon the friction of brake- 
shoes, but their purpose has been to determine the relative com- 
mercial values of brake-shoes of different materials, rather than 
to supplement the information furnished by the Westinghouse- 
Galton tests. While such investigations have doubtless been 
useful in indicating the relative advantage of different materials 
for brake-shoes, and have perhaps satisfactorily determined, 
within limits, the degree of efficiency which may properly be 
required of brake-shoes, they have added to previous knowledge 
of brake-shoe friction only in suggesting certain general character- 
istics, without furnishing adequate data to extend our knowledge 
of the action of brakes in stopping a train. 

The Westinghouse-Galton experiments were conducted in a 
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moving four-wheeled car, provided with the necessary recording 
apparatus, the wheels being steel-tired and the brake-shoes of 
cast iron, and the results of the experiments may be summarized 
as follows: The coefficient of brake-shoe friction decreases with 
increased speeds and, at constant speed, it decreases with the 
increase of the time that the surfaces are in contact. The 
coefficient of friction does not appear to increase with increased 
pressure per square inch. When the wheels roll without sliding 
upon the rails, the rail-friction (or adhesion) is unaffected by the 
speed, but declines greatly with sliding of the wheels, when it 
varies inversely with the speed, corresponding with the brake- 
shoe friciton, but is much inferior thereto. The rail-friction is 
very materially affected by the condition of the rail, being great- 
est when the rail is perfectly dry or very wet (as when washed by 
a hard rain) and least when the rail is quite moist; but, by the 
use of sand upon the rails, the effect of moisture is practically 
eliminated. 

The actual variation of the brake-shoe friction with increased 
speeds is very regular, beginning with the friction of rest (static 
friction) and declining, very rapidly at first, but with continually 
decreasing rapidity, up to the highest speeds of the experiments. 
The undoubted fact that the friction cannot vanish for any finite 
speed, considered in conjunction with the peculiar character of 
the decline, suggested to the writer that the results of the experi- 
ments might be properly represented by a portion of an equi- 
lateral hyperbola, and upon applying the theory of probability 
to the mean results, the coefficient of friction is found to be 
represented by the equation 

¥ 326 
is 14+ .03532 V 
in which V represents the speed in miles per hour. The following 
table shows both the computed coefficients of friction from this 
formula and the means of the observations, up to a speed of 100 
miles an hour. 


Coefficient of friction, % Coefficient of friction, ~ 


Speed ht ate One oe ap ce ipavasaa mage fe ok oe 
2 Computed. Observed. : Computed. | Observed. 
326 830 45 126 127 
4 277 273 50 118 116 
10 241 242 55 111 111 
15 213 223, 60 105 074 
20 191 192 65 099 
25 173 166 70 094 
30 ah 164 80 085 
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It is worthy of note that the mean observed result for a speed 
of 60 miles per hour differs materially from the result of a law 
that applies with remarkable fidelity to the observed results at 
other speeds. ‘This is perhaps attributable to two causes: first, 
while each of the other results (except for the lowest three 
speeds) is the mean of from 54 to 90 experiments, that for 60 
miles represents but twelve experiments—much the smallest 
number at any speed—of which, the maximum observed result 
was .123 and the minimum was .058. .The other probable cause 
is that, it having been discovered that the coefficient of friction 
is less at high speeds, the pressure was much increased at the very 
high speeds to compensate, and it is now known that the coeffi- 
cient of friction is an inverse function of the pressure. The mean 
result at 60 miles an hour does not, therefore, appear to be fairly 
comparable with those at other speeds, and it has been rejected 
in determining the constants in the above formula. 

In the tabulated results of these experiments, Capt. Galton 
gives the maximum and minimum, as well as the mean value of 
the coefficient of friction observed for each speed. It is observ- 
able that the maximum values very well follow a similar law to 
that above given for the means, while the minimum values are 
too irregular to suggest more than a general inclination to decline 
as the speed is increased. As the maximum values correspond 
more nearly with the results of more recent experiments, the 
writer has also formulated them. The most probable law is 
represented by the equation 


fe . 382 
1+.02933 V 


and the calculated and observed values are given in the following 
table: 


Speed Coefficient of friction, / Speed Coefficient of friction, £ 
Rs Calculated. Observed. Vv. Calculated, | Observed. 
0 382 45 165 179 
5 333 B40 50 155 153 

10 295 281 55 146 136 
15 265 280 60 138 123 

20 241 +240 65 131 
25 220 205 70 1125 
30 203 196 80 114 
85 188 197 90 106 
40 176 194 100 097 


The decrease of the coefficient of brake-shoe friction from con- 
tinued contact apparently follows the same character of law as 
does that from increase of speed; that is, the fall is rapid at first, 


j 
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but the rate of fall quickly begins to decline. It was assumed by 
Capt. Galton that the decline of the friction is as the increase of 
the time of contact, but a careful analysis of the results shows that 
it is a function of the product of the speed and the time, or of the 
distance through which the shoe rubs upon the wheel. Itis very 
unfortunate that the observed effect of continued rubbing does 
not extend over sufficient time to permit reliable formulation. 
‘The more recent experiments appear to show that, at the same 
speed, the friction becomes constant after a time, but it is prob- 
able that the coefficient of friction continues to yield to the 
influence of continued rubbing throughout stops from the highest 
speeds yet attained in practice. In formulating the incomplete 
data of Capt. Galton, therefore, the purpose is merely to present 
as comprehensive a view as possible of the complexity of the 
subject, and the results must not be accepted as trustworthy for 
practical use. Accepting the conclusion drawn from later 
experiments, that the coefficient of friction remains stationary 
after some definite period of continued rubbing at constant speeds, 
the question is still open as to whether the stationary point is the 
same for all speeds or is simply a function of the initial coefficient 
of friction, corresponding to the speed and brake-shoe pressure. 
While there is no definite information upon this point, beyond 
the limited observation of the Westinghouse-Galton experiments, 
that, so far as it goes, points to the latter view, and all our 
information suggests the probability that the ultimate level is 
different for each different initial coefficient of friction. The 
corresponding equilateral hyperbola is therefore represented by 
an equation of the form 


l+hs 
ager 


where f is, as hitherto, the initial coefficient of friction, corres- 
ponding to the speed and pressure, s is the distance, in feet, 
through which the surface of the wheel has travelled in frictional 
contact with the brake-shoe, and # and c are constants. Apply- 
ing the theory of the least squares to the observations of Capt. 
Galton («xcept those at a speed of 60 miles an hour, which are 
rejected for reasons already given), the values found for h and c 
cause the above expression to become 


g, -1+.000472 s , 
1 T+ .002390 s 


Thus the coefficient of friction, f, for a given speed, as indicated 
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in the tables already submitted, becomes reduced, after the 
brakes have been applied through a distance of 50 feet, to .9147; 
after 100 feet, to .845 f; after 200 feet, to .740 7; after 300 feet, 
to .665f; after 500 feet, to .563 7; after 1000 feet to .434 j; after 
2000 feet, to .336 f; and the ultimate level, which is not yet 
reached after two miles, is 472,/2390 7, or about .27. The later 
experiments upon the efficiency of brake-shoes included some 
temperature tests, the results of which indicate that, under the 
conditions of those experiments, the stationary level is reached 
after from 2000 te 3000 feet, and there is good reason to believe 
that it is much higher than .2 7. Of the observations employed 
in determining the constants in the above expression, none was 
for a greater distance than 814 feet and the larger number were 
for short distances, which thus gave undue weight to the rapidly 
falling feature of the curve. In the absence of more extended 
observation, no practically useful mathematical application of 
this characteristic of brake-shoe friction can be realized. As it 
exerts a very important and effective influence upon the friction 
and the rate of retardation during every stop, the impossibility 
at present of dgtermining the rate of retardation under varying 
conditions is obvious. Grade, for instance, not only affects the 
rate of retardation by directly modifying the effective retarding 
force, but also, in varying the distance in which a given reduction 
of speed occurs, it again indirectly affects the rate of retardation. 
It thus happens that experimental determinations of the rate of 
retardation are more misleading than useful under any other 
conditions than exactly those of the experiments. Experimental 
stops of the same train, made one right after another, from the 
same speed, at the same place, on the same track, differ very 
materially from obscure causes of this character, while the con- 
ditions apparently differ so little that they are looked upon as 
“practically ’’ the same. The errors, accidents and other sins 
that occasionally result from the prevailing custom, in this 
practical, money-getting age, of founding conclusions upon 
premises that are “‘ good enough for practical purposes,’’ have no 
better illustration perhaps than in the matter of train stops, in 
which the enjoyment of confidence in one’s conclusions generally 
varies inversely with accuracy of understanding of the subject. 
In order to observe the ~lect of varied pressure in the West- 
inghouse-Galton experiments, a set of brake-shoes was made 
with projections cast upon their face, so that only about one-third 
the whole surface of the shoe came into contact with the wheels. 
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What actual pressure was then applied to the wheel is not 
recorded. From statements of Rennie, concerning the results 
of experiments upon the relation of pressure to static friction, it 
was expected that the coefficient of brake-shoe friction would be 
considerably increased by the increased pressure per square inch 
resulting from this modification of the brake shoes; but Capt. 
Galton says of these experiments simply that he is not prepared 
to say that any greater coefficient of friction was obtained, and 
that but a very small number of experiments were made with these 
special brake-shoes because the projections were entirely worn off 
in twelve applications, In view of the division of the rubbing 
surface into a considerable number of small surfaces with edges 
more or less sharp, it is doubtful if any reliable conclusions could 
have been drawn from pressure experiments in which the varia- 
tion of the pressure per square inch is secured by such means. 
More recent experiments have shown very conclusively that, 
other conditions being the same, the coefficient of friction de- 
clines as the pressure increases and, while insufficient data has 
yet been presented to determine the character of the decline, 
there are substantial reasons for believing that it follows the 
same character of law as do the declines from increased speed and 
extended rubbing contact. 

This view of the dependence of the coefficient of friction upon 
pressure, throws some light upon the considerable range of 
observed values recorded, at the various speeds, in the experi- 
ments to determine the influence of speed upon the coefficient 
of friction. In some cases, the brake-shoe pressure employed 
was more than three times the, weight upon the rails, while at 
other times the pressure was but about one half that weight, so 
that the pressure varied from about 40 to about 250 pounds per 
square inch of brake-shoe surface. It is most significant, also, 
that in the cases cited in Capt. Galton’s reports to illustrate 
special conditions, high pressures are accompanied by coeffi- 
cients of friction that are about the minimum observed for the 
corresponding speeds, while the lowest pressures are accompanied 
by the maximum coefficients. As it is to be assumed, of course, 
that the coefficients of friction given in the tables for different 
speeds are those observed at the beginning of application only, it 
appears most probable that the quite uniformly large range of 
values for the different speeds is principally due to variation of 
pressure. Under such conditions, therefore, it can only be 
assumed that the table of mean coefficients of friction for different 
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speeds is representative also of the mean brake-shoe pressure 
during the experiments, which is probably about 90 pounds per 
square inch, though it cannot be definitely determined from the 
data given in Capt. Galton’s reports, while the table of maximum 
coefficients appears to represent a pressure of from 40 to 50 
pounds per square inch, or a total pressure of about 2,000 pounds 
upon the standard brake-shoe in this country. 

The coefficient of rail-friction was found to vary for dry rails 
from .19 to .35, and averaged about .25. Upon wet or greasy 
rails, without sand, it fell to as low as .15 in one experiment, but 
averaged .18. With sand upon wet rails, it never fell below .20 
and rose in some cases as high as to .40, so that, with the use of 
sand, the rail-friction of a wet rail is at least equal to that of a dry 
rail without stand. When the brake-shoe friction overcame the 
rail-friction, and caused the wheels to slide upon the rails, the 
coefficient of rail-friction immediately began to decline and then 
varied inversely as the speed, in much the same way as brake- 
shoe friction, but is much infertor thereto. This may be readily 
explained by the greatly reduced area of contact and consequent 
high pressure per square inch between wheels and rails. It may 
also, of course, be due in some measure to inferior frictional 
qualities of the steel wheel upon steel rails, as compared with 

-cast-iron brake-shoes upon steel wheels. 

The maximum retardation which may be utilized in stopping 
railroad vehicles by the customary means of brakes is therefore 
that which is realized by so applying brake-shoes to the wheels 
that the resulting brake-shoe friction shall be uniform, and just 
insufficient to overcome the constant, static rail-friction. Ifsand 
be suitably provided whenever the condition of the rail requires 
it, the coefficient of rail-friction always available (unless perhaps 
in the case of railroads running in streets) is at least .20 and may 
doubtless be safely regarded, in at least all cases where emergency 
calls for the highest efficiency, as .25 of the pressure of the wheel 
upon the rail. A brake system of ideal efficiency in the time of 
necessity is thus one in which the brake-shoes are so applied to 
the wheels that a retarding rail friction equal to one-fourth the 
weight of the train is instantly realized and continuously main- 
tained throughout the stop. In such a case, the retardation 
(ignoring the resistances of rolling friction and the atmosphere) 
is one-fourth the acceleration of gravity, or 8.04 feet per second. 
which amounts to reducing the speed at the rate of almost 5} 
miles an hour per second. Stops would be made in a distance 
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represented by .1338 V’, where V is the initial speed in miles per 
hour, or in 482 feet at 60 miles an hour, 214 feet at 40 miles an 
hour and only 534 feet at 20 miles an hour. The obstacles to the 
. realization of a brake of such efficiency are apparent at once when 
the variable nature of the coefficient of brake-shoe friction is 
understood, and the difficulties which attend variation of the 
pressure of the brake-shoe upon the wheel to compensate for the 
fluctuation of the coefficient of friction through the simultaneous 
operation of such complex influences, appear insuperable. But 
the problem is not entirely hopeless and it is useful to consider 
what has been and what may yet be done to increase the effi- 
ciency of braking. 

In the outset, while at first glance the coefficient of static rail- 
friction, which measures the maximum retardation, appears to 
be inflexibly established, such is not altogether the case. The 
inferiority of the coefficient of friction between the wheel and 
the rail to that of the brake shoe upon the wheel must be attrib- 
uted chiefly to the very great difference in the areas of the sur- 
faces in contact and the consequent difference in the pressure per 
unit area. The convenient doctrine of Morin, that the friction is 
independent of the area of the surfaces in contact, has been the 
cause of much misapprehension and of.many errors of construc- 
tion. Mr. P. H. Dudley has clearly demonstrated that broad- 
headed rails yield a materially greater tractive power to locomo- 
tives than narrow-headed ones, and it may be confidently assumed 
that any means of increasing the surface of contact between wheels 
and rails adds to the resistance which measures the maximum 
efficiency of the brakes. The theoretical line of contact between 
a wheel and a rail broadens out practically into a somewhat pear- 
shaped surface, which differs in form and extent with different 
materials and pressures. The head of the rail is locally depressed 
and the circular periphery of the wheel becomes flattened, result- 
ing in a surface of contact, the extent of which depends upon the 
elasticity of the materials, the diameter of the wheel and the 
forms of the rail-head and wheel-tread. It is evident that a 
greater contact area occurs with a large than with a small diame- 
ter of wheel, and it is equally clear that greater elasticity of the 
material of either wheel or rail conduces to the same result. 
Steel is generally more elastic than chilled cast iron, and recent 
observation indicates a higher coefficient of rail friction with 
steel-tired wheels than with chilled iron. It is true that, while 
such a result should be expected because of a larger area of 
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contact, it may also be that the frictional qualities of the ma- 
terials in contact constitute a factor of some importance. It has 
generally been understood that the dynamic friction of cast-iron 
brake-shoes upon chilled cast-iron wheels, exceeds that of the 
same shoes upon stcel-tired wheels. While this conclusion does 
not appear to have been actually established, yet, even if it be 
correct, it does not follow that the static friction of steel-tired 
wheels upon steel rails may not be greater than that of chilled 
cast-iron wheels. But, whatever the fact may be in this respect, 
it is reasonable to expect that the most effective surface of rail- 
contact occurs with large, steel-tired, straight-tread wheels upon 
broad rails, and, so far as our information yet extends, observa- 
tion confirms this view sufficiently to warrant the statement that 
it is a matter of considerable importance. _ 

The utilization of the retarding force available as rail-friction, 
by means of brakes, involves the application of a brake-shoe 
pressure which shall (a) diminish as declining speed causes the 
coefficient of friction to increase, which shall (b) increase as 
increased distance of frictional contact causes the coefficient of 
friction to decline, and which shall (c), when diminishing or 
increasing for such purposes, further diminish or increase as 
reduction or increase of pressure itself causes the coefficient of 
friction correspondingly to increase or decline. The combined 
effect of declining speed and increasing distance is far from being 
uniform in stops from different initial speeds. The friction 
apparently declines from continued rubbing in about the same 
proportion, through a given distance—the first 100 feet of the 
application, for illustration—whether the initial speed is high or 
low; but the elevation of the coefficient of friction by declining 
speed during such first 100 feet of application, is much less pro- 
portionally when the initial speed is high than when it is low. 
The two opposing influences are thus not uniformly effective. In 
stops from low speeds, the coefficient of friction increases, slowly 
at first and rapidly at the close, but continuously from begin- 
ning to end. At high speeds, the elevating influence is pro- 
portionately less effective at first, so that, for a time, the friction 
remains about stationary, or even declines at first before becom- 
ing stationary; but it always subsequently rises with an increas- 
ing rapidity that becomes so great as to be almost abrupt at its 
termination. It is therefore a characteristic of all stops that the 
coefficient of friction is comparatively low during the early por- 
tion and much higher toward the close; and, while manipulation 
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of the pressure to compensate for the compound fluctuation of 
the coefficient of friction appears hopelessly complicated, a 
partial realization of the efficiency of such an ideal brake system 
may be accomplished by employing a comparatively high brake- 
shoe pressure during the early part of the stop and subsequently 
so reducing it that the high coefficient of friction near the end of 
the stop shall not cause the wheels to slide upon the rails. The 
provision of means by which this partial utilization of the advan- 
tage of compensating the pressure is practically realized con- 
stitutes the latest and highest progress thus far made in the 
practical development of the air-brake. 

In accomplishing the purpose of applying an increased brake- 
shoe pressure during the early part of the stop, the quick-action 
automatic brake has been modified by the addition of an auto- 
matic pressure-reducing valve to each brake-cylinder, by the use - 
of which a high air-pressure is utilized in the brake-cylinder in 
emergency applications of the brakes, and is gradually reduced to 
the level of that which, in earlier forms of the air-brake, is main- 
tained continuously throughout the stop without sliding wheels 
at the close. That material progress in braking is marked by 
this step will be easily appreciated when it is understood that, 
with the use of this apparatus, called the ‘‘ high-speed ”’ brake, 
stops from the higher speeds are about 30 per cent. shorter than 
those attained by the quick-action brake. By the more prompt 
application of a greater brake-shoe pressure than immunity from 
injurious wheel sliding permitted in ordinary applications of the 
brakes, the ‘‘ emergency stop ” became clearly distinguished by 
the quick-action air-brake, and, in passenger train service, it was 
shortened to about 80 per cent. of the shortest stop of the older 
automatic air-brake. By the application of a greater brake-shoe 
pressure during the early period of stops, for utilizing a larger 
proportion of the retarding force realized at lower speeds, the 
high-speed brake shortens emergency stops from high speeds, to 
about 70 per cent. of those of the quick-action brake, or 56 per 
cent of those of the old automatic brake. The increased brake- 
shoe pressure is secured by the use of a high air-pressure, which, 
through the operation of the automatic reducing valve, is avail- 
able only in emergency applications of the brakes, the moderate 
‘pressures of the old automatic brake being still preserved in 
ordinary operation to prevent possible injury of wheels. But the 
higher storage-pressure of the auxiliary-reservoir air is equiva- 
lent to a correspondingly increased volume of air stored at the 
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pressure of ordinary service, and thus the high-speed brake also 
provides for repeated brake-applications without recharging the 
auxiliary reservoirs—an incidental advantage greatly increasing 
the security of trains under conditions of daily occurrence. 

It is opportune to digress at this point to consider an applica- 
tion of the high-speed brake which concerns conditions to which 
electric railroad operation is peculiarly adapted. Hitherto, the 
ordinary stops of railroad trains have generally consisted of a 
preliminary reduction of speed at a long distance from the stop- 
ping point, to bring the train under full control, and then of a 
gradual reduction of the remaining speed, continuously or in 
stages, to suit the conditions or the operator’s views, until the 
train comes to a standstill at the stopping point. The stops of 
express trains have been infrequent, and the speed of way trains 
has been moderate, so that, in both cases, the time occupied in 
the stop has not called for careful consideration. But with the 
rapid growth of suburban traffic in all large cities, particularly 
since the introduction of electric railroads, the changed operating 
conditions of suburban trains give great importance to the time 
consumed in the frequent stops. Both in steam and electric 
railroad traffic of this kind, large expenditures of thought and 
money have been made to secure high acceleration in starting 
trains, while almost nothing has been done to secure the equally 
important high retardation in stopping. Every start is accom- 
panied by a stop, and if economy of time is important in one, it is 
equally important in the other. The neglect which efficiency of 
stopping has suffered is doubtless due to the fact that, while 
acceleration in starting has generally been limited to that which 
may be acquired from the rail-friction of a few wheels, the retard- 
ation resulting from brakes upon practically all the wheels is so 
effective in comparison that its inferiority to what it might be is 
overlooked. Moreover, the character of the train-stop of ordin- 
ary service has been so firmly established and avoidance of the 
use of the full power—the emergency application—of the brake 
has been insisted upon for such good reasons, that departure from 
the customary “service ’’ application of the brakes does not 
readily suggest itself. But the conditions now under considera- 
tion are quite different. At low speeds, the violence of the 
emergency application is apt to result in discomfort to passengers, 
and the brake-shoe pressure is too near the wheel-sliding limit to 
be desirable. But at the high speeds attained between stations 
in efficient suburban service, the initial coefficient of brake-shoe | 
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friction is so low that no perceptible shock or disagreeable effect 
accompanies an emergency application of even the high-speed 
brake; and the coefficient of friction near the end of the stop is so 
much lower, through the effect of continued rubbing through so 
much longer distance than in a stop from the lower speeds, that 
the danger of wheel sliding is not troublesome. 

There is also another important time-saving feature of the 
emergency application for service stops in train service of this 
character. In making an ordinary service application, the 
personal equation of the operator is an important element. The 
proper point at which to apply the brake, the force of initial 
application and each subsequent increase or reduction of the 
braking force (to prevent over-running or stopping short of the 
station) are matters of personal judgment in which men differs 
materially; the consequence of which is that, to be safe, the 
brakes are usually applied too early and time is lost in drifting 
into the station at low speed. In an emergency application, the 
personal element is largely eliminated, as the full application is 
practically instantaneous and, where definite speed may always 
be depended upon, the point at which the brakes should be 
applied may be designated by a signal post. Thus, full speed 
might be obtained over much the larger part of the distance tra- 
versed during an ordinary service stop, followed by a quick stop 
of the high-speed brake, and fully half the time occupied by the 
service stop would be saved. 

Thus far, consideration of means for approaching the theoreti- 
cally possible retarding force has been confined to those for over- 
coming the obstacles due to the complicated variation of the 
coefficient of brake-shoe friction. This is a subject which, while 
of manifest interest and importance to those who operate rail- 
roads, chiefly concerns those who supply the motor mechanism 
for applying the pressure of the brake shoes upon the wheels. 
The distribution of pressure upon the rails, through the wheels, 
which defines the maximum rail friction itself, and the construc- 
tion of running gear and brake-beam supports to permit the 
utilization of the rail-friction for retardation, constitute a branch 
of the subject which ought seriously to concern those who con- 
struct the running gear and apply the motive power, but which is 
~ almost invariably subordinated to every other consideration and 
is usually overlooked entirely. Itis a strange fact that, although 
the brake occupies the uppermost position of importance among 
railroad safety appliances,the actual work of stopping trains when 
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disaster impends, depending entirely upon it—and almost as much 
depending upon it as upon the motive power apparatus for high 
efficiency in local and suburban train operation—every effort is 
apparently concentrated upon attaining the maximum accelera- 
tion in starting trains and the almost equally important matter of 
high retardation in stopping is so far neglected that 
efficient foundation brake-gear is not only usually not provided 
but often prohibited, and especially where electricity is the 
motive power. It is obvious that the force with which the brake- 
shoes should be applied to a pair of wheels depends primarily 
upon the pressure of those wheels upon the rails. In car con- 
struction, the weight is usually, but not always, equally dis- 
tributed upon the various wheels. In electric car construction, 
it frequently occurs that the motors are so applied that greater 
weight is supported by one pair of wheels than by another. In 
any case where the wheel pressure materially differs, proper 
regard for brake-efficiency demands that the brake-shoe pressure 
shall correspondingly differ. But, entirely independent of the 
normal distribution of weight upon the various wheels of a 
vehicle, retardation itself, caused by the application of brakes to 
the wheels, involves a redistribution of the weight which, where 
the retardation corresponds to the maximum brake application, 
inevitably results ina very serious loss of braking efficiency, unless 
means be provided for varying the brake-shoe pressure to corres- 
pond with the changed wheel-pressures. Whatever the source of 
the retarding force, its operative effect in retarding the motion of 
the car is the same as that of an infinite number of small retard- 
ing forces, each engaged in retarding the motion of an elementary 
portion of the mass of the car, and therefore, in order that a 
single retarding force, or a combination of retarding forces, shall 
so operate, without either changing the direction of the car’s 
motion, or producing rotation of the structure as a whole, or 
calling into operation other forces to prevent such deviation or 
rotation, the force or the resultant of the combination of forces 
must be so applied that it shall pass through the centre of inertia 
of the mass, in a direction opposite to that of the motion of the 
car. In utilizing the rail-friction for the retarding force, while it 
has the proper direction, it is applied at the lowest points of the 
mass of the car and must therefore either cause rotation of the 
entire structure or the interposition of other forces which combine 
with the retarding force to preserve the simple motion of transla- 
tion. The car may be considered as a single mass or as being 
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composed of three separate masses, according as it is provided 
with one rigid or two swiveling trucks. Rotation of the car by the 
eccentric retarding force does not occur in either case; but, in the 
first, it is because the reacting pressure of the rails upon the for- 
ward pair of wheels exceeds that upon the rear pair of wheels in 
such measure that the contrary rotative moment, thereby 
introduced, just balances that of the eccentric retarding force, 
also applied by the rails to the wheels. In the case of the car 
with two trucks, the retarding force is applied at the lower 
extremity of the two trucks, being equally divided between them 
(if constructed alike); that portion of the retarding force neces- 
sary to retard the mass of the trucks is absorbed in so doing, and 
the remainder is applied by the trucks to the car body at sub- 
stantially its lowest extremity. In consequence, the center of 
inertia of the car body being above the points of application of 
the retarding force, rotation through the eccentrically applied 
retarding force is prevented only by the resisting rotative mo- 
ment of a greater supporting pressure from the forward than from 
the rear truck. Each truck is subject to the combined rotative 
moment of the eccentric retarding force at its lower extremity, 
and the eccentric reacting force from the car body at its upper 
extremity, and rotation is prevented only by the contrary rotative 
moment of a greater supporting pressure by the rails upon the 
forward than upon the rear pair of wheels. Thus the very act 
of applying the brakes to the wheels produces a new and very 
different system of wheel pressures upon the rails, and it is the 
wheel pressures under these conditions which determine the 
available retarding force. As the total pressure of all the wheels 
upon the rails cannot vary, it is obvious that the existence of a 
greater rail pressure for the forward than for the rear pair of 
wheels of the truck implies the virtual transfer of a portion of the 
normal pressure from one pair of wheels to the Other tne 
brake-shoe pressure upon the rear pair of wheels must be insuffi- 
cient to cause the wheels to slide upon the rails, and must there- 
fore be cut down in proportion to the transfer of weight from the 
rear to the forward pair of wheels. But as the forward pair of 
wheels will become the rear pair when the car moves in the 
opposite direction, the brake-shoe pressure upon that pair of 
wheels must also be limited in the same way. Thus, the braking 
pressure upon each pair of wheels must be restricted to corre- 
spond with the minimum pressure of the wheels upon the rails, 
and when it is understood that this minimum rail-pressure, which 
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occurs in the maximum application of the brakes, is less than 85 
per cent. of the normal, or, in other words, that the effective 
wheel-pressure, available for braking, of an ordinary eight- 
wheeled passenger car is but 85 per cent. of the weight of the 
entire car, the importance of the provision of means to compen- 
sate for such a serious loss of retarding efficiency becomes 
clearly manifest, anda solution of the problem, devised by the 
writer, is therefore submitted. 

The first step in determining the rail-pressure is to find the 
reactions between the car-body and trucks, after which, investi- 
gation is confined to truck-conditions alone. The only means of 
the application of force to the car-body are the trucks and the 
draw-bars. In any case where, in a train of vehicles, the ratio of 
the retarding force of the brakes to the weight is greater for some 
vehicles than for others, the forces transmitted through the draw- 
bars require consideration; but in electric service, where cars are 
either operated singly or in trains that permit equally effective 
brake-retardation upon the several vehicles, no one produces a 
retarding effect upon another, so that draw-bar forces are 
eliminated and the problem is more simple than in the case of 
steam-railroad trains, where draw-bar forces accompany brake- 
application, because all vehicles are not uniformly braked. It is 
true that, in a train of electrically operated cars, defective 
apparatus upon one or more of the cars might result in the 
application of the brakes upon only a portion of the cars, whereby 
retarding forces would be transmitted through the draw-bars to 
the unbraked cars, but consideration can hardly be extended to 
such uncertain accidental conditions. 

Fig. 1 represents the body of a car, from which the trucks have 
been removed and replaced by arrows representing the support- 
ing and retarding forces which they apply to the car. The trucks 
being alike and subject to the same retarding rail-friction, each 
truck contributes the same horizontal force (H) to retard the 
mass of the car-body, and the forward truck applies a vertical 
supporting pressure P,, while the rear truck similarly applies 
the supporting pressure P,. The weight (W,) of the car body is 
represented by an arrow acting downward through the center of 
inertia of the car, midway between the truck supports and at 
distance k above them. The distance between the truck sup- 
ports is represented by J. These are all the real forces acting 
upon the car-body (in the absence of draw-bar forces), as the 
resistance of the atmosphere is so insignificant in comparison 
with the rail-friction that it may be neglected. 


The rail-friction causes all parts of the car-structure to be 
retarded at a certain rate (p) and the horizontal forces (H) from 
the trucks are absorbed in overcoming the resistances of inertia 
of all the various elements of mass of the car-body, which latter 
thus constitute a system of imaginary forces that may be repre- 
sented in the aggregate by an equivalent horizontal force, which 
is the product of the mass of the car-body (W/g, where g repre- 
sents the acceleration of gravity) and the common retardation 
(p), acting at the center of gravity in a direction opposite to that 
of the retarding forces H. The operation of the real forces must 
thus be equal and opposite to that of the imaginary forces, and 
the following conditions are therefore evident: 


P,+P,—-W,=0,orP,=W,-P, 
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Also, combining the first and last of these equations, 
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By comparison of these values of P, and P,, it is evident that, of 
the weight W,/2, normally supported by each truck, the weight 
pkW,/ gl has, through the application of the brakes, been 
removed from the rear truck and transferred to the forward 
truck. The center of gravity of car-bodies, especially in electric- 
car construction, where apparatus of considerable weight is car- 
ried below the floor, is generally low, so that the fraction k,l is 
usually not great, and in some cases its consideration may be 
neglected in what follows. It is clear, however, that, inasmuch 
as the rail-pressure upon the rear truck is that which limits the 
brake-shoe pressure upon either, we are concerned only with the 
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conditions relating to the rear truck, and any conclusions reached 
regarding the application of brakes to that truck, are also appli- 
cable to the forward truck. 

Fig. 2 represents the rear truck, to which is applied the vertical 
car-body pressure P,, midway between the wheels, and the hori- 
zontal reaction 7 from the car-body, opposing the retarding force 
applied by the truck to the car body, at a height i above the rails. 
The rails have been removed and in their place the rail-pressures 
R, and Rk, and the corresponding rail-frictions T, and T, are indi- 
cated by arrows, as applied, respectively, to the forward and rear 
pairs of wheels. It may be noted, in passing, that, although 
each wheel has a separate rail-pressure and rail-friction, the pair 


Fie. 2. 


of wheels mounted upon the same axle are rigidily secured to- 
gether, so that, if one turns or slides, the other must accompany 
it, and the simpler method of treating the pair asasingle element, 
operating under the sum of their rail-pressures and brake-shoe 
frictions, is subject to no objection of any kind. The weight (W,) 
of the truck is represented by an arrow, acting vertically down- 
ward through the center of inertia, at a point midway between 
the wheels and at a height d above the top of the rails. These 
constitute all the real forces acting upon the truck from without. 
(Although other forces, due to the brake-shoes and apparatus, 
act coordinately, they are altogether internal forces and therefore 
have no influence upon the relation of the truck to external 
masses. ) 

Each elementary portion of the mass of the truck is retarded 
and, through the resistance of its inertia, absorbs a portion of the 
retarding force, such resistances constituting a system of imagin- 
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ary forces equivalent to the horizontal force W, p/g, acting at 
the center of gravity, in a direction opposite to that of the retard- 
ing forces T, and T,. From the equality of the real and imagin- 
ary forces, the following relations are evident: 


Ri+R, — W,—P, = 0, ork, =W,+P,—R, 


T,+T,-H auras orl, +1, = Hae 


Aiso, combining the first and last of these equations, 
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Giving H and P, the values already found, the last three of these 
equations become, respectively, 
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Here again, comparison of these values of R, and R, shows that, 
beside reducing the rail-pressure upon each pair of wheels of the 
rear truck, tothe extent of pkW,/2 gl, the effect of apply- 
ing the brakes has also been to transfer from the rear to the for- 
ward pair of wheels the weight 


W,+ W,; 
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and, as the front pair becomes the rear pair of wheels upon revers- _ 
ing the direction of motion of the car, the available wheel-pressure 
for braking purposes has been reduced from 


256 PARKE; RAILROAD-CAR BRAKING. [Dec. 19 


W,+2W, 
4 


for each pair of wheels, to 
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From the first of the last three equations, 
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For simplicity and greater convenience, W,+2 W,, the weight of 
the entire car, may be designated by W and thus 


p=2 faut y: 


Applying this value. of p in the expressions for R, and R,, 
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It is to be observed that these expressions for the rail-pressures of 
the rear and forward part of wheels of the rear truck are true for 
any rail-frictions, T, and T;, that may be available. If 7, denotes 
the coefficient of static rail-friction, the maximum values of iy 
and T, are j,, R, and f,, R,, respectively. If then for R, and R,, 
their corresponding values T,/f, and T, /T,, Tespectively, be sub- 
stituted, the above equations may be solved for T, and T,, and 
their values found for the condition of maximum efficiency. 
They are 


7 fhW W+2, (W,h+2W,¢) 
‘eens 
| (w+24,w 3) (1) 


7 _fW Wb-2},(W,h+2 W, 4) 
af) ae 
; (w+24W r) b 


(2) 
rr 


1902.] PARKE: RAILROAD-CAR BRAKING. 257 


In order to understand now what results from this transfer of 
weight in practice, where it is customary to apply to each wheel 
the greatest brake-shoe pressure that will slide none of them, let 
T, = T, = 7, R, be substituted in the value of R,; then, upon 
Signe the equation, 


iW Wb 


a Whos, [w, (1+ 5 0)+ 2W,4 | 
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- The average conditions for the passenger cars of steam-railroad 
service are fairly represented by the values b = 84”,h = 34”, 
k = 32”, 1 = 480’,d = 21", W, =%W and W, =1/6W. As- 
suming that, in safe average practice, j/, = .25, it is thus found 
that, instead of a maximum rail-friction of {, W/4, for each pair 
of wheels, as ordinarily supposed, the maximumis but .834 f, W /4. - 

This serious loss of available retarding force induced the writer 
some time since to investigate the conditions for the purpose of 
finding, if possible, a means of automatically proportioning the 
brake-shoe pressure upon the forward and rear wheels of the 
truck, so that they should more nearly correspond to the rail-fric- 
tions of equations 1 and 2. Using the above values of 
b,h, k,1,d, W, and W,, in those Rone, Dy = 70.151 fy W /4 
and T, 806 },W /4, so that T,+T, = .978 ie W /2 might be 
Remized,; while only .8347,W//2 is ene veined in prac- 
tice. Any means of making the possible rail-friction of the 
forward pair of wheels fully available would thus increase the 
braking: efficiency more than 17 per cent. 

The investigation disclosed the fact that a structural feature of 
truck brake-gear that had been found to complicate the applica- 
tion of brake-shoe pressure to the wheels, might be so employed 
that it would serve almost entirely to recover this lost efficiency 
in braking. It is, in brief, the angularity of the hanger-link, by 
which, if the brake-shoes be applied upon the inner face of the 
wheel—that nearest the center of the truck—and the hanger-link 
supporting the brake-shoe be inclined at a proper angle with the 
- tangent to the wheel at the center of the bearing surface of the 
brake-shoe, the brake-shoe pressure is proportioned to the wheel 
pressure. This matter merits very careful consideration. 

More as a matter of convenience than for any other apparent 
reason, it has generally been customary, in passenger-car con- 
struction, to suspend the brake-shoes from the end-timbers of the 
truck at the outer face of the wheels. It is true that the brake- 
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shoes are thus more accessible for renewals, but the arrangement 
is inconvenient in other respects, requiring the disconnection and 
often the removal of the brake-beams to remove the wheels. 
The application of the brake-shoes at the outer face of the wheels 
results in an upward thrust of the brake-hangers, proportional to 
the brake-shoe friction, upon the end-timber at the rear end of 
the truck, and a corresponding downward drag upon that at the 
forwardend. It has already been shown that the retardation of 
the car by the rail-friction produces a rotative effect upon the 
truck, which is greatly augmented by this direct action of the 
brake-shoe friction through the hanger-links, and the result iss 
that a considerable rotation or tilting of the truck frame acutally 
occurs, compressing the forward equalizing-bar springs and 
relaxing those at the rear. The reaction or recoil of these springs 
is the cause of the frequently observed violent backward surge or 
shock, so disagreeable to passengers and sometimes throwing 
unguarded standing persons to the floor, at the instant of stop- 
ping. If, however, the brake-shoes were suspended at the inner 
face of the wheels, the upward thrust of the hanger-links would 
act upon the forward portion of the truck-frame, and the down- 
ward thrust upon the rear portion, so that the effect would be to 
counteract and neutralize, instead of aggravate, the disagreeable 
influence of the rail-friction. 

Another and still more serious objection to this method of sus- 
pending the brake-shoes is the evil effect of the angular inclination 
of the hanger-links, which is not only desirable to insure clearance 
of the shoes from the wheels when the brakes are released, but is 
usually unavoidable for constructive reasons. This feature will 
be better understood upon further consideration of the effect of 
inclining the brake-beam hanger-links. 

Fig. 3 represents the outlines of the usual form of passenger-car 
truck, in which are indicated by arrows the forces applied to each 
brake-beam. These forces are not all in the same lateral plane, 
the actuating brake-force P from the brake-cylinder being applied 
at the center of the brake-beam, while one-half of each of the 
other threc forces is applied to the brake-shoe at each end of the 
beam; but it is simpler and without objection to treat them as 
represented. The forces Q, and Q, are the reacting pressures of 
the forward and rear pairs of wheels, respectively, upon the 
brake-shoes; the forces F’, and F, are the corresponding frictional 
forces resulting from the pressures Q, and Q,; and the forces V, 
and V, are the reactions upon the brake-shoes from the hanger- 
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links. The center of the brake-shoes should be about three 
and one-half inches below the center of the wheels, and the 
angle between the radial direction of the pressures Q, and Q, and 
the horizontal, is 


Inve. Bi 


designated by a. The mean frictional forces F, and F, conse- 
qeuntly incline at the same angle with the vertical. The inclina- 
tion of the hanger-links to the tangential direction of the frictional 
forces F, and F, is designated by ¢. The forces being resolved 
into rectangular components, with reference to the direction of 
the hanger links of each pair of wheels, the following relations are 
evident: 

Q,cos¢—F,sing—P cos (a+¢) = 0 

Q,cos¢ +F, sin¢d —P cos (a+d) = 0 


If the coefficient of brake-shoe friction be designated by f,, 
then, whatever be its value, F, = 7,Q, and FP, = 7, Q,. Replac- 
img eQyand. QO, by their values in terms of Ff, and F,, these 
equations may be combined and solved for ¢ and P, with the 
results that 

1F,— Ff, 
tang = (3) 
i, Py +P, 
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In retarding the motion of the vehicle, the friction of the brake- 
shoes must resist rotation of the wheels to the same extent that 
the rail friction urges continued rotation; but, in addition, it 
must also destroy the rotative energy of the wheels. That is, 
the stored energy due to the rotary motion of the wheels, which is 
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entirely independent of the energy due to the motion of transla- 
tion (and which would still consume considerable work if the 
simple motion of translation of the entire vehicle, wheels and 
all, could be overcome by means not affecting the rotation of the 
wheels), absorbs a part of the work done by the brake-shoes and 
only what then remains of that work operates to excite rail-re- 
sistance to wheel sliding. The peripheral velocity of the wheels 
being the same as the velocity of translation, ifr, represent the 
radius of the wheel, a retardation p of the vehicle is accompanied 
by an angular retardation p/r, of the wheel’s rotation. If, also, 
w represent the weight of each wheel and r, the radius of 
gyration, then, when the rail-friction causes the retardation of 
the motion of the car the corresponding retardation of the rotary 
motion of the wheels requires at the surface of each wheel a re- 
tarding force equal to wr,?p/gr,. By careful computation, 
the square of the radius of gyration of car wheels is found to be 
almost exactly six-tenths of the square of the wheel-radius. 
Therefore, the brake-shoe friction being required to supply both 
retarding forces, the relation between the wheel-forces of the 
two pair of wheels is obviously 
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If now the maximum rail-friction which may exist with the 
unequal distribution of weight upon the different pairs of wheels, 
as found in equations 1 and 2, is to be realized, it is necessary 
that the brake-shoe frictions /, and F, shall correspond with 
those rail-frictions. Giving T, and 7, the values of equations 1 
and 2, respectively, and giving p the value found for it, these 
brake-shoe frictions become 


_ AW (W+4 8w)0+2f, (W,h+2 W,d) 


| 
4 
(W+2h, r) b 


_hW (W+4.8w)b-27,(W,h+2 W, d) 


4 
(w+2 Ww, 4) b 


PB, 


1902.) PARKE: RAILROAD-CAR BRAKING. 261 


Applying these values in equation 3, it becomes 


of: Wih+2W,d 
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The expression for the braking force applied to the brake-beam 
may be given a more convenient form for practical work by giv- 
ing #,—F, the value f, (F +F,) tan g, desired from equation 
3, and, finally, 


7,;W W+4.8w (1—f,? tan’ ¢) cos ¢ 
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Thus, by hanging the brake-beams between the wheels, instead of 
outside, and inclining the hanger-links at a proper angle, the in- 
creased pressure and consequently the increased friction of the 
brake-shoes upon the forward pair of wheels and the diminished 
pressure and friction of the brake-shoes upon the rear wheels, due 
ta the effect of the friction itself in causing the shoes to press more 
or less forcibly upon: the wheels through the angularity of the 
hanger-links, are made to correspond with and compensate for 
the transferred weight from the rear to the forward wheels. In 
the same manner that running in the opposite direction causes a 
reversal of the conditions for the transfer of weight, so, too, the 
rotation of the wheels in the opposite direction causes a reversal 
of the effect of the inclined hanger-links, and the increased brake- 
shoe pressure is always applied to the wheels carrying the in- 
creased weight. 

It will now be more clearly understood why inclination of the 
hanger-links of outside-hung brake-beams has an evil effect upon 
the efficiency of the brakes. As the link must necessarily be so 
inclined, if inclined at all, that the upward movement of the 
wheel surface upon the brake-shoe increases the brake-shoe pres- 
sure, the pressure is increased upon the rear pair and reduced upon 
the forward pair of wheels when the brakes are outside-hung. 
Thus, the high brake-shoe pressure is always applied to the wheel 
carrying the reduced weight and the reduced brake-shoe pressure 
to the wheels carrying the increased weight. The braking force 
P upon the brake-beam must therefore be so reduced that the 
rear pair of wheels shall not be caused to slide, and the combined 

friction of the brake-shoes upon the two pair of wheels is thereby 
reduced accordingly. The loss of more than 15 per cent. in 
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braking efficiency, which has been shown to result from the use of 
a uniform brake-shoe pressure instead of pressures proportioned 
totherail-pressures, occurs when the hanger-links are not inclined; 
but it will now be understood that, with outside-hung brakes 
having the ordinary inclination of hanger-links, the loss is con- 
siderably greater, the retardation probably averaging at least 20 
per cent. below that attainable by the expedient of inside-hung 
brakes with properly inclined hangers. 

In practice, the application of this method of inclined hanger- 
links is not without some difficulty. The chief trouble is that no 
constant angle of the links can be maintained, as the wearing 
away of the brake-shoes, together with wearing and turning down 
of the tires of stcel-tired whecls, causes constant and considezable 
variation. Thus, if the angle of inclination and the braking 
pressure be calculated for the conditions existing when the brake- 
shoes and wheels are new, the increased angle when the shoes 
become much worn and the tires have been well turned off, -vould 
probably cause the forward wheels to slide upon the rails. On 
the other hand, if the calculations be made for turned wheels and 
worn shoes, the rear wheels would probably slide when the 
wheels and brake-shocs are new. It is therefore neccssary to 
compromise between the extremes, in reference to the angle of 
inclination of the hanger-links, by inclining the hanger-links at 
the angle determined from equation 5, when the brake-shoes and 
wheels are each halj-worn, and the brake-beam force must then 
be so established that neither pair of wheels shall be caused to 
slide in the extreme positions of the hanger-links. The brake- 
beam force determined by equation 6 would be too great for the 
forward pair of wheels when the brake-shoes and wheels are 
fully worn, and also too great for the rear pair of wheels when 
the brake-shoes and wheels are new. The maximum safe brake- 
beam force for the forward pair of wheels may be determined 
from the rail-pressures and the values of the angles aand g when 
the brake-shoes and wheels are fully worn, and that for the rear 
pair from the corresponding conditions when the brake-shoes and 
wheels are new, and the least of the two is the greatest brake- 
beam force that can be continuously employed. It is found that 
the angular variation from the position of the hanger-link when 
the brake-shoes and wheels are half worn isa little less when the 
brake-shoes and wheels are new than when they are fully worn, 
and the brake-beam force to be employed in practice must be 
determined by the conditions existing when the brake-shoes and 
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wheels are fully worn. It is obvious that the variation of the 
angularity of the hanger-links, through the allowance necessary 
for wear (23 inches for steel-tired and 13 inches for chilled cast- 
iron wheels), is an inverse function of the length of the hanger- 
link itself, which should therefore be as long as practicable. With 
the use of that form of brake-shoe holder or head in which the 
hanger-link pin is located behind the center of the brake-shoe 
(illustrated in Figs. 2 and 3, above), the maximum length of 
hanger is secured. The form of brake-head in which the pin is 
considerably above the center, shortens the hanger materially, 
and its use should be avoided. 

Whether the maximum rail-frictions are developed by corres- 
ponding brake-shoe frictions or not, it is to be observed that the 
relation between the frictions fF’, and F’, expressed in equation 3 
is one that always exists, being dependent simply upon the angle 
of inclination of the hanger-links and the coefficient of brake-shoe 
friction and independent of everything else. Therefore, even 
though the angle of inclination varies with wear, and ‘the con- 
struction of the truck may be such that the full inclination of 
the hanger, necessary to the greatest efficiency, cannot be em- 
ployed, a portion of the added efficiency of the system may still 
be realized by inclining the hanger-links as much as may be con- 
sistent with proper length and the limitations of the truck con- 
struction, and by employing a corresponding brake-beam force. 
As the inclination of the hanger-links is insufficient to compensate 
fully for the reduced rail pressure upon the rear pair of wheels 
when the brake-shoes and wheels are half worn, the brake-beam 
force must in this case be determined with reference to that pair 
of wheels when the brake-shoes and wheels are new. 

The problem thus resolves itself into so laying out the truck 
brake-gear that the center of the half-worn brake-shoe shall be at 
the proper distance (34 inches) below the center of the half-worn 
wheel, and that the hanger-link (as long as possible) shall stand 
at as great an angle to the wheel-tangent as possible (not exceed- 
ing the angle of full compensation, where it has the value found 
from equation 5 when the brake-shoes and wheels are each half 
worn, and then calculating the brake-beam force P for the angles 
gy, and a, that exist when the brake shoes and wheels are fully worn, 
if the angle of full compensation has been employed, or for the 
angles ¢, and a,, that exist when the brake-shoes and wheels are 
new, if an angle less than that of full compensation has been 
employed. To facilitate the application of the principle of 
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inclined hangér-links, the various angles of inclination for half- 
worn brake-shoes and wheels, and the corresponding braking 
forces have been determined for different conditions, as to truck 
wheel-base and diameter of wheel, and are tabulated below. 

It will be observed in equation 5 that the angle of inclination 
of the hanger-links varies inversely with the wheel-base of the 
truck, which is fortunate, since long wheel base is desirable also 
in all other respects (ease of riding, minimum wear and tear of 
wheel-flanges and truck-frames, etc.), except in cases where curves 
are so sharp that long wheel base interferes with curving. The 
full compensating inclination of long hangers may be employed, 

or any size of wheel, where trucks have a wheei-base of 8 feet; 

and, for wheels of 33 and 36 inches diameter, it may also generally 
be employed where the wheel-base is 7}feet. With passenger-car 
trucks of ordinary construction, partial compensation may be 
obtained, for wheels of larger diameter than 36 inches, where the 
wheel-base is 74 feet; and, for 33 and 36 inch wheels, it may also 
be obtained where the wheel-base is but 7feet. Shorter wheel- 
base than 7 feet, while requiring a large angle of inclination of 
hanger-links, provide insufficient room for an inclination of any 
value, unless the hanger-links are so short that the variation of 
the angle impairs its utility, or the trucks are low, so that the 
height / is also reduced as the wheel-base b is reduced. 

The method of applying the principle, in cases where the full 
compensating angle of inclination can be used, depends 
primarily upon the relations expressed in equation 3. As the 
braking force must be so established that the forward pair of 
wheels shall not slide when the wheels and brake-shoes are fully 
worn, the friction of the brake-shoes upon that pair of wheels 
must correspond with the rail-pressure at that time, and the fric- 


tion of the brake-shoe upon the rear pair of wheels will necessarily 
be 


F _1-f, tang, 
* 1+f, tang, © * 


as found from equation 3, in which ¢, is the value of the angle of 
inclination the hanger-link to the wheel tangent when the brake- 
shoes and wheels are fully worn. It has been shown that 


o 2.4w 
Fe= T,+ py (Ai +T2) 
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and that 
2.4w 
F, = Lat ae Ciesla) 


and, by. combining these two equations, 
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- The rail-pressure for the forward pair of wheels was found to be 


W Wifh k 2W,d 
R= E+ lw (S- 7) + ow bf Tt 


If the full rail-friction of this pair of wheels be utilized, Ry =T,/f, 
and the above values of T, and T,+T, being substituted in this 
equation for the rail-pressure, it may be solved, with the aid of 
the above value of F, in terms of F, and tan ¢,, to yield values of 
F, and F,, which depend simply upon the available rail-pressure 
of ‘he forward pair of wheels when the brake shoes and wheels are 
fully worn. These values of /, and F, being then applied in 
equation 4and representing the value of the angle a when the 
wheels and brake-shoes are fully worn by a, the necessary braking 
force to be applied at each brake-beam becomes 


(W+4.8 w) (1 —f,? tan? ¢,) cos 9; Ww 
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In practice, the application of this brake-beam force by the air- 
pressure in the brake-cylinder is through the medium of a series 
of levers and connecting rods, pinned together and forming the 
“brake-gear.’’ A portion of the air-pressure upon the piston ot 
the brake-cylinder is absorbed by the frictional rigidity of the 
brake-gear; and, as the leverage of the brake-gear is always 
calculated from the piston-pressure, it is necessary to make proper 
ailowance for the frictional loss in the brake-gear. The only 
available results of investigation of such loss indicates that, in the, 
ordinary form of passenger-car brake-gear, the brake-beam force 
is about 80 per cent. of that calculated from the piston-pressure. 
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As the total braking force of the car is the sum of the forces upon 
the four brake-beams, if the calculated braking force of the car 
be represented by DB, it therefore becomes 6 = 4 P/.80. 

Examination of the practice in passenger-car construction of 
ordinary American steam railroads: indicates quite general uni- 
formity in respect to most of the various features which deter- 
mine the angle of inclination of the brake hanger-link and the 
braking force. In general, for practical purposes, the average of 
the conditions existing is sufficiently accurate and may be taken 
as follows: The coefficient of rail-friction may be regarded as 
7, = .25, particularly as the limiting conditions are those of 
emergency applications. The coefficient of brake-shoe friction 
most apt to slide wheels is that of low speeds, near the end of the 
stop, and experience indicates a safe value to be f, = }. Little 
error will, in any ordinary case, result from making W, = 4 W 
and W,=1/6W. Generally, h = 34 inches, and k/l = 1/15. 
The height of the center of gravity of the truck varies with the 
diameter of the wheels; for 33-inch wheels, d = 20 inches; for 
36-inch wheels, d = 20.5; for 38-inch wheels, d = 21; for 40- 
inch wheels, d = 21.25; and for 42-inch wheels, d = 21.5; the 
weights of wheels differ both with the diameter and the construc- 
tion; a fair average appears to make 4.8 w = .071 W for 33-inch 
steel-tired wheels, .080 W for 36-inch, .089 W for 38-inch, .094 W 
for 40-inch, and .098 W for 42-inch. With these values (except 
those depending upon the diameter of the wheels), the maximum 
braking force, as ordinarily calculated, which may be used with- 
out injurious wheel-sliding, becomes j 


15 (1 “fF a) (1 — 5 tan*y, Joosy, 
W 
46 68+d 48w 
18 has os 6b +4 (14 "WwW 7) tan ey | 00s (a, + 3) 


In cases where an angle of inclination of less than that re- 
quired full compensation must be given the hanger-links when 
the brake-shoes and wheels are half worn, the same mode of 
procedure is followed to determine the braking force, except that 
the angles a, and ?», existing when the brake-shoes and wheels 
are new, are employed instead of a, and 9,, and F, is found in 
terms of F, and gy, from equation 3, instead of Fy, in. terms of 
F, and g,. Thus T, and,7,+T, are found in terms of F, and 
substituted in the expression for the rail-friction upon os rear 
pair of wheels, which yields values of I, and F, in terms of 


| W+2hWs 7 Sup) C_§(W+4.8w) tane { ee 
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simply the rail-pressure upon that pair of wheels and the angie 
¢,. These values of I’, and F’,, being substituted in equation 4, 
furnish the brake-beam force 


(W +4.8w) (1 -*?+an v2) cos 
. k Witowd 


H b 


From this brake-beam force, in terms of the rail-pressure of tie 
rear pair of wheels and the angles a, and g,, existing when the 
brake-shocs and wheels are new, the corresponding braking force, 
as customarily calculated from the pressure upon the brake- 
cylinder piston, is found. When the approximate average 
values of the various fixed symbols are applied, it becomes 


15 (1 +e) (1 — 7 tan?g,) COS P> 
46 68+d 1 4.8w 
16 | eee g(t W ) tan G2} cos(a,+¢,) 


For convenience in applying this principle to the design of 
truck brake-gear, the following table has been prepared, showing 
the angle of compensation which the hanger-link makcs with the 
vertical—that is, a+g—instead of the angle g with the tangent 
to the wheel, when the brake-shoe and wheel are half worn. The 
angle is determined by placing the center of the half-worn shoe 
(assumed to be when the thickness has been reduced } inch), 3} 
inches below the center of the half-worn wheel, the radius of 
which is assumed to have been reduced finch. For convenience, 
also, the tangent cf the angle a+ gis given, so that, a convenient 
definite distance ha +g been laid cff from the center of the lower 
hanger-link pin upon a vertical line through it, a horizontal dis- 
tance from its upper end, equal to the product of this tangent and 
the vertical distance so laid off, will determine a point in the 
hanger-link, and consequently its direction. The upper end will 
of course be fixed by the position in which the upper pin can be 
supported by a bracket from the truck-transom, the length, how- 
ever, being as great as possible. The braking force is also given, 
as determined from the angles a, and 9, when the brake-shoe has 
been reduced 1 inch in thickness and the radius of the whecl has 
been reduced 13 inches, or from the angles a, and gy, when the 
brake-shoes and wheels are new, according as the angle of inclina- 
tion of the hanger-links when the brake-shoes and wheels are half 
worn is that of full compensation or a lesser one. The length of 


B,= Ww 
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each hanger-link employed in these computations is also given. 
As already stated, only partially compensating angles of inclina- 
tion occur for a wheel-base of 84 inches and, with 38, 40 and 42 
inch wheels, for a wheel-base of 90 inches. In the other cases, 
full compensation occurs. 


Og b= 84in. b= 90 in. 6 = 96 in. 

a) 
be tan tan | B 1 tan B 
A U a+¢ u+o B a+y ato a+y |at¢ 
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33” |194) 28°-338' |.5444).956W|20 | 37°—28%'|.7668 1.025120 | 36°— 63! |.7296)1.028W 


36” |18}) 24 —294’ |.4555).9291W] 18} 36°-161' |.7338 1.016W|20 | 34°—54’ |.6978/1.026W 


38” 20 | 29°-101'|.5582 .9901/|20 | 34°-10’ |.6787/1.024W 

40” 194] 26°-37’ |.5011, 9727/20 33°—33§ |.6655/1.022W 
| 

' 42” 19 | 23°-584’ |.4447 .954W|193| 33°— 14’|.6499]1.020W 


J 


Nore :—b is the wheel base of the truck, in inches; B is the braking force, calculated 
from the bra‘e-cylit ter piston pressure, in terms of the weight of the car: and / is the 
length of the brake-beam hanger link, in inches. The evil effect of shortening the hanger 
link is illustrated in this table. For a wheel base of 96 inches, the braking force for trucks 
with 36-inch wheels is less than that for trucks with 33-inch wheels by only .002W, where 
the angle of inclination is that of full compensation and the hanger links are 20 inches 
long in each case; but, where the wheel base is 90 inches the length of hanger link may, in 
many cases, be no longer than 18} inches for trucks with 36-inch wheels, and the braking 
force in that case is .009W less than that of trucks with 33-inch wheels and 20-inch hanger 
links. Had 20-inch hanger links been employed, instead of 18} inch, for 36-inch wheels, 
the braking force could probably be increased about .007W above that given (1.016W). 


It would be a serious oversight to dismiss this subject of truck 
brake- gear construction without mentioning the pernicious break- 
beam release spring. The custom of hanging brake-beams from 
the end-timbers of passenger-car trucks has been attended—in the 
many cases where the inclination of the hanger-links is insuffi- 
cient to cause the brake-beams to fall away from the wheels by 
gravity—by the necessary use of springs to insure clearance be- 
tween brake-shoes and wheels when the brakes are not applied. 
The loss of brake-shoe pressure from the use of such springs 
might, of course, be readily compensated by increasing the brak- 
ing force correspondingly, if such loss could be determined. But 
these springs vary to such an extent, even when made apparently 
alike and applied in the same way, that allowance for their influ- 
ence is well-nigh impossible. Springs, so applied to trucks that 
they should keep the shoes uniformly away from the wheels, are 
found to operate so unevenly that, to prevent the brake-shoe at 
one end of a beam from dragging upon the wheel, that at the 
other end must be permitted to stand off so far from its wheel 
that excessive travel of the brake-cylinder piston is necessary to 
apply the brakes, whereby the air-pressure in the brake-cylinder 
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is reduced and the efficiency of the brakes correspondingly 
impaired. Even if these springs were so constructed and ap- 
plied that they exert a uniform influence upon the brake-beams, 
the inequalities of brake-shoe material cause them to wear un- 
evenly, so that a new shoe at one end of the brake beam is often 
accompanied by a considerably worn shoe at the other end, and 
- adjustment of clearance that will avoid excessive piston-travel at 
the brake-cylinder is impossible. The impossibility of adequately 
measuring and providing braking force for the resistance of these 
springs, added to the loss of efficiency from excessive piston- 
travel, or the alternative trouble from dragging brakes, renders 
the brake-beam release spring one of the most serious evils of 
modern brake-practice. By the use of inside-hung brake-beams, 
where sufficient inclination of the hanger-links insures brake- 
shoe clearance through the action of gravity, both the expense 
and trouble due.to the release-spring is avoided. 

To enter into the detail of the air-brake apparatus employed 
to furnish the braking force, in a paper of this character, would 
unduly extend it and would also be a work of supererogation. 
The compressed-air supply generally implies a suitable compressor 
upon the car, or, if operated in trains, one or more upon each 
train. Storage of the compressed air in sufficient quantity has, 
however, been satisfactorily accomplished in some cases and 
possesses certain advantages. The air is usually stored at a 
comparatively high pressure (generally 150 pounds) in large 
reservoirs secured beneath the-car, or in any other convenient 
place. It is delivered through a reducing valve into the ‘‘ main 
reservoir” of brake-operation, at the desired pressure, where it is 
handled in the ordinary manner. In such a system, a single air 
compressor, of large capacity and high efficiency, compresses the 
air at a station, where it is stored and charged into the car 
storage-reservoirs from time to time. The advantages lie in 
avoiding the cost of installing and maintaining compressors 
upon all the cars, and in cheapness of operation. The disad- 
vantages consist of the bulkiness of the storage-reservoirs and 
the time required to stop and charge them, and also the limited 
distance that may be traversed during the intervals. Where the 
air iscompressed upon the car, the compressor must be acces- 
sibly constructed and placed upon the car, and supplied with 
clean, dry air. It may be operated by steam, by aseparate elec- 
tric motor, or by the car-motor, through suitable connection 
with the car-axle, as circumstances render it expedient. Its 
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operation should be so controlled by a governor that it shall 
cease whenever the maximum storage-pressure has been at- 
tained in the main reservoir, and shall be renewed when opera- 
tion of the brakes has reduced the storage-pressure to the 
inferior limit. 

Upon the motorman’s operating valve, the satisfactory 
operation of the brake-system in large measure depends. It 
must not only present the means of accurately gauging the 
force of brake-application and of promptly releasing the 
brakes, but must also define, with precision, the pressure of the 
air with which the auxiliary reservoirs are charged, to insure 
the full efficiency of braking without exceeding it to the injury 
of wheels and.detriment of efficiency; while, at the same time, 
it must provide a superior pressure—that may vary consider- 
ably under different conditions—in the main storage reservoir, 
to insure prompt release of the brakes and restoration of 
pressure in the auxiliary reservoirs, without any variation of 
the working pressure in the latter—an exacting combination 
of conditions. not easy of realization, but of capital importance. 

Of the apparatus for the immediate application of the brakes 
to the wheels, sufficient has already been said, it having been 
indicated that, in the single case where the unit invariably con- 
sists of a single car, simply an air-cylinder, in communication 
with the motorman’s valve, meets all the requirements, while 
the conditions of every other case justify nothing short of the 
efficiency of the quick-acting automatic apparatus, and, where 
characterized by high speeds and frequent stops, the superior 
efficiency of the high-speed brake is essential to high efficiency 
of service. 

. The application of other forms of power than compressed air 
to brake-service has been practically limited to the vacuum 
and electricity. The limited pressure and bulky apparatus 
have restricted the use of the vacuum to comparatively light 
vehicles and it is fast becoming a mere historical feature of the 
development of the art of braking. Electricity has been ex- 
perimentally applied in various forms of apparatus, but has 
only recently become recognized as a means of promising 
utility in practical braking. The simplicity of employing the 
back torque of the car motors of electric railroads for retarding 
purposes has appeared very attractive to those unacquainted 
with the objection to dependence upon that means alone. In 
combination with other means of retardation, so that excessive 
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heating may be avoided, this means of braking cars has been 
used with some practical success. But the application of 
electricity to the purpose of braking that appears to overshadow 
all others is that of the magnetic brake, which embodies such 
novel applications of old devices, with results so phenomenal, 
that the use of electricity as the source of braking force in elec- 
tric railroad service at once occupies an interesting position 
with a very promising future. 

The magnetic brake forms part of a combined braking and 
car-heating system, in the latter of which, the diverters of the 
ordinary car-starting apparatus are so also used as resistances 
for grading the current employed for braking purposes that 
they serve to heat the car. This part of the system is itself of 
such interest that, while it is a separate purpose, a brief de- 
scription is excusable. 

It appears to be a well-established fact that the heating 
effect due to the use of the diverters in starting is not alone 
sufficient for the practical purpose of heating the car, under the 
usual varying conditions of service; but when, in addition, the 
heating effect accompanying braking is also diverted to that pur- 
pose, the heat supply is abundant. Two systems of diverters 
are therefore used, one beneath the car, radiating the heat into 
the external atmosphere, and the other suitably arranged within 
the car for heating purposes and called heaters. The two sys- 

tems may be so combined, according to the temperature and 
’ weather that any desired portion of the generated heat, from 
none of it to all of it, may be employed for heating the car, and 
any remaining heat is dissipated. The heat supply is, of course, 
‘intermittent, but the heaters are so constructed that they readily 
absorb the intermittently generated heat, and gradually and con- 
tinuously supply it to the car for uniform heating. In this 
manner, the cost of the trolley current ordinarily required for 
heating purposes—an item of no mean proportions—is entirely 
obviated. } 

The brake apparatus itself consists of a combination of a 
track-brake with the ordinary wheel-brake. Track-brakes 
have long been known and variously proposed for practical 
use, but no satisfactory application of these devices appears to 
have been made. The track-brake consists of a system of 
brake-shoes, arranged beneath the car, directly over the rails, 
which may be forced down upon the rails to produce the 
retarding friction. There are several serious obstacles to the 
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attainment of satisfactory efficiency from this method of 
retardation. In the first place, as the weight of the car must be 
lifted off from the wheels and transferred to the track-brake 
shoes, it is obvious that the shoes must be so formed that they 
will guide the car upon the rails as safely and surely as do the 
wheels. This appears to be impracticable and, where the 
track-brake has been employed, only so much of the weight of 
the car is transferred to the brake-shoes that there still rests 
upon the wheels sufficient weight to enable them to guide the 
car securely. Thus only a portion of the weight of the car is 
available for rail-friction. 

Again, it is manifest that the friction of the track-brake-shoes 
is of the same dynamic character as that of the brake-shoes 
upon wheels, which varies inversely with the speed and is very 
much inferior to the static friction of the rotating wheels upon 
the rails, whichis the measure of the available friction of brake- 
shoes upon the wheels. While it is undoubtedly true that the 
large area of contact between the rails and track-brake-shoes 
that may be employed results in a track brake friction which is 
much superior to that of the sliding wheels (provided the entire 
weight is transferred to the track-brake-shoes), it is doubtful if 
the conditions permit the realization of as high a coefficient of 
friction where brake-shoes rub upon the track as where they 
are applied with the same force to the wheels, and it is cértain 
that a track-brake of any construction, working upon this prin- 
ciple, is much inferior to an efficient wheel-brake of the “ high- 
speed’ type. The combination of a track-brake of this kind 
with a wheel-brake is merely an added intricacy, as the effi- 
ciency of the track brake is entirely at the expense of the wheel 
brake, in robbing the latter of the rail-friction upon which its 
effectiveness depends. For these reasons, and for the addi- 
tional one of constructive complication and cost, no practical 
application of the track-brake has ever been made, within the 
knowledge of the writer, except in certain cases of street rail- 
roads with exceptionally heavy grades, where an independent 
track-brake system has been installed for emergency use only, 
in the event that the wheel-brake system should become dis- 
abled. i 

But the magnetic brake introduces an entirely new element, 
through which the track-brake not only does not interfere with 
the efficiency of the wheel-brake but both adds to its normal 
retardation and provides the operating brake-force. The track- 
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brake-shoe is placed between the two pairs of wheels, and, 
intsead of being forced upon the rails through an effort from 
the car, is drawn to the rails by an electromagnet suspended 
from the car, thereby not merely adding its friction to the un- 
impaired friction of the wheel-brake but also actually increasing 
the rail-pressure of the wheels to the extent that the supporting 
springs for the track-shoes and magnets are in tension through 
the descent of the track-shoes to the rails. Thé construction 
will be better understood by reference to the illustration in 
Fig. 4. 
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Fic. 4. 

In Fig. 4, the magnetic brake apparatus is shown as applied 
to a four-wheeled, swiveling truck, the parts of which are in 
dotted lines, more readily to distinguish the brake apparatus. 
The electromagnet a, dividing the track-brake shoe b into two 
parts, is secured by pins to the two push-rods c, and suspended 
at a proper distance above the rails by the adjustable springs 
h. The push-rods are secured by pins to the lower ends of the 
brake lever d, which are connected at their upper ends by the 
adjustable rod g and are pivoted at an intermediate point to 
the brake-shoe holders e, carrying the wheel-brake shoes, 
and the hanger-links f, suspended from the truck-frame. 
The push-rods ¢ are telescopic, as shown in the sectional 
view of the one at the left, so that a movement of the track» 
shoe toward the right, relative to the truck-frame, causes 
the wheel-brake-shoe at the right to be applied to the wheel 
and the connect’on g to be moved to the left, thereby applying 
the wheel brake-shoe at the left, the stop 7 preventing the lower 
end of the brake lever at the left from following the track-brake 
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shoe. <A relative movement of the track-brake-shoe to the left is 
obviously accompanied by application of the wheel-brake-shoes 
through corresponding movement of the parts in the revers> 
order. 

The brake-controlling device may be incorporated in the rua- 
ning controller or may be a separate device, placed by its side and 
operatively interlocked with it, so that neither can, through 
carelessness, be caused to interfere with the operation of the 
other. In the operation of the apparatus, the current is supplied 
by the motors, running in multiple as generators—the trolley 
current being entirely cut off, and is divided between the electro- 
magnets and the diverter combination in such ratio as to cause 
the track-brake-shoes to be drawn upon the rails with a force 
proportionate to the braking requirements. The frictional 
resistance of the rails to the motion of the track-shoes causes the 
wheel-brakes to be applied with corresponding force. Thus, to 
the ordinary retardation of the wheel-brakes is added that of the 
track-brake and also the back torque of the motors, which latter, 
however, is practically limited to compensation for the rotative 
energy of the motor and car-wheels. The force of application 
depends primarily upon the current and upon the electromagnets 
operating the brake-shoes. The attractive force of the rails 
upon the magnets is under the control of the motorman up to a 
limit of about 150 pounds per square inch of brake-shoe surface 
in contact with the rails. The strength of the magnet is limited 
by the sectional area of the rail, acting as armature, and where the 
weight of the car makes a magnet of greater strength desirable, 
the track-shoe is divided into three parts, instead of two, and‘ 
wound to form a three-pole magnet, or two combined two-pole 
electromagnets with one common pole. 

The friction of the track-brake-shoe may also be adjusted to 
some extent through the angular inclination of the push-rods c, 
by which some of the weight of the car may be-thrown upon the. 
track-shoes, the levers d being correspondingly adjusted to 
reduce the wheel-brake-shoe pressure in proportion as the weight . 
is transferred to the track-shoe. It will be observed also that 
the brake-shoes are hung at the inside of the wheels, so that the 
hanger-links may have an angular inclination to correspond with » 
the transfer of weight from the rear to the forward pair of wheels - 
through the influence of the retarding forces. ; 

The incidental features of the magnetic brake are also of 
interest and great value. The current declines with the speed , 
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during a stop, thereby offsetting the increased coefficient of 
friction at the lower speeds. In bad weather, when the condition 
of the rails is liable to be accompanied by wheel-sliding, the brak- 
ing force operating the wheel-brake is correspondingly reduced, 
so that the force of application of the wheel-brake is automati- 
cally proportioned to the rail-friction which rotates the wheels. 
But, in addition to this valuable feature, if by chance the wheels 
should slide upon the rails, the interruption of wheel-rotation is 
accompanied by the extinguishment of the track-magnet current, 
through which the pressure of the brake-shoes upon the wheel ~ 
is instantly relaxed and rotation of the wheels is.resumed, with- 
out injury or serious loss of time. 

In operation, the efficiency of the magnetic brake, under the 
various conditions of service, is phenomenal and far exceeds that 
of any other braking system for the retardation of trains, which, 
combined with the commercial advantage of dispensing with the 
use of trolley current or any other means for heating cars, seems 
to assure it a leading position in electric-railroad operation in the 
future. 
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Discussion aT NEw York. 


PRESIDENT Scotr:—I think we owe a special debt of grati- 
tude to both of the gentlemen who have prepared the papers of 
the evening. Both are particularly busy men, and they have 
gone to a great deal of pains and labor. I have been struck, as I 
am sure many of you have been, by the revelations which come 
from a scientific and experimental investigation and a mathe- 
matical analysis of what is apparently a simple thing. The 
applying of a brake-shoe to a wheel seems to be so simple that 
there is nothing of particular scientific interest or intricacy 
involved; but these papers present beautiful mechanical stories 
which reveal new things on every page. They show that there 
are peculiar mechanical features and unsuspected relations in the 
operation of even the most ordinary simple brake, and that with 
the more complex and intricate forms of brakes which have been 
devised these difficulties which at first we did not see are over- 
come and are advantageously utilized. We have with us this 
evening several gentlemen who are connected with the general 
subject of braking in one way or another, and we should have in 
our discussions some interesting phases of the subject presented. 
One engineer who is connected with the Manhattan Railway 
Company of this city is here this evening, Mr. Henry G. Stott. 

Mr. Strotr:—I can only congratulate the writers of these 
papers, particularly Mr. Parke, upon the elaborate investigations 
they have made.into the general subject of braking. I want to 
say, Mr. President, that you have called on the wrong man 
to-night. I do not know much about the subject of brakes. 
My end of the system is located in the power house and sub- 
stations, and I am not very familiar with this problem; for that 
reason I do not think I could add anything to these papers as 
they are the work of specialists. 

PRESIDENT Scotr:—It is Mr. Stott’s business to make things 
go, not tomake them stop. Mr. C. O. Mailloux has given special 
attention to high speed work of late, and I think also to the mat- 
ter of braking, and we would be pleased to hear from him. 

Mr. Maittoux:—Mr. President and Gentlemen: I may Say, 
as a preface, that these papers cannot very well be discussed by 
any one who has not had ample opportunity to read them care- 
fully and thoroughly. The paper of Mr. Parke, especially, is such 
an important contribution to railroad engineering literature, thai 
in order to be able to discuss it intelligently, I feel that I should 
have at least a week in which to study it, even though I may pre- 
tend to have some familiarity with the subject. I regard Mr. 
Parke as the greatest authority in this country certainly, and in 
the world perhaps, on the subject or brakes and braking. He has 
been studying it many years as a specialist, and the paper itself 
indicates the thoroughness with which he has handled it. His 
classical contributions to the literature of braking, in the Railroad 
Gazette and other similar publications, bear sufficient testimony 
to the depth of his study and its far-reaching importance. The 
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present paper of Mr. Parke is a comprehensive resumé, giving a 
valuable summary of the knowledge and data which are already 
available, and a highly intelligent statement of problems and 
puzzles which are still unsolved. 

The President well said that we have here an apparently simple 
phenomenon, which is, in reality, a most complex one; and if 
you listened carefully to what Mr. Parke said in regard to the 
very irregular variation of the coefficient of friction, for instance, 
and if you noted the number of independent variables of which it 
isa function, then you would begin to realize that braking is 
indeed a most complicated problem. When an authority 
who has been studying a subject like this for as many years as 
Mr. Parke has, is unable to give one a clue as to what might be 
called a typical brake-curve, then we may indeed realize what a 
difficult problem we have before us. I have had to deal with the 
problem of braking-curves as a very important factor in high- 
speed traction. The problem of the predetermination of the 
brake-curve becomes interesting in such cases, especially when 
one is anxious to depict graphically the speed of the train at 
different instants, so as to predetermine the time and other data 
regarding the complete service run of the train. In the paper 
which I*presented at the Great Barrington meeting, I referred to 
the subject of brake-curves somewhat gingerly. I“ dodged ”’ it 
somewhat, and stated very frankly that there was little or nothing 
about it known. Ihave sometimes taken from fifty to a hundred 
brake-curves and plotted them, superposed, in the hope that 
I might succeed in getting a clue to a typical curve or to 
an equation, empirical though it might be, which would at 
least enable me to represent with some degree of approxi- 
mation, a general typical brake-curve. Mr. Parke, whom I 
have had the pleasure of knowing for some time, had previously 
told me of the difficulty, even perhaps the impossibility, of accomp- 
lishing this, and I realized very sadly when I came to make the 
experiment, that-he had indeed spoken the truth. Our knowl- 
edge of the geometrical nature of the brake-curve is so very de- 
ficient that it can scarcely be considered knowledge at all. 

The paper of Mr. Keiley, while it is interesting in the compari- 
son which it gives of results obtained with actual brakes, is of 
perhaps greater interest to me on account of the fact that it 
represents at least an attempt to obtain practical brake-curves ; 
that is, it shows an interesting mechanism, whereby one may be 
able to obtain data giving the codrdinate points from which 
brake-curves actually obtained may be plotted. Istated in my 
paper just referred to, that it is very desirable that we should be 
able to obtain some sort of an idea of the geometrical character 
of a general or typical braking-curve I also stated, and it is 
well known, that these curves are quite erratic; and yet it does 
seem as if we might be able to arrive at certain general curves 
which can serve as types for the braking-curves characterizing 
different classes of service. The paper of Mr. Parke contains 
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valuable material in this direction, especially in the formula for 
the coefficient of friction as a function of the speed, which appears 
in the earlier pages of his paper. Mr. Parke succeeded in analyz- 
ing the celebrated Galton-Westinghouse experiments, and he 
worked out this equation some time ago. I notice with pleasure 
that he has carried his work a little further, making the formula 
applicable to higher speeds. Important and valuable are ‘is 
contributions of facts relating to breaking in general and, in par- 
ticular, showing the manner in which the friction coefficient 
changes as a function of the speed; so also are the interesting 
data which he gives concerning certain stops, and the effect of 
different conditions on the track friction; and there are many 
others which it would take too long to point out in detail. 
I would especially mention the highly lucid and interesting 
manner in which Mr. Parkehas called attention to the tilting effect 
of the momentum of the car body,and the resulting difference in the 
pressure applied to the track through the front and rear wheels 
of the truck; and I would also note the ingenious manner in 
which he proposes to remedy the difficulty by hanging the brake- 
shoes at a particular angle, all of which is worked out ingeniously 
and clearly elucidated in his paper. These constitute data of the 
highest technical and engineering importance, so that the paper 
contains material which will last for a long time. The paper 
will be, I have no doubt, just as useful ten years from now as it is 
to-day. I think that we are to be congratulated upon having 
had from Mr. Parke what I consider a classical contribution to 
the subject of electric railroading in general, and to the theory 
and practice of braking in particular. 

PRESIDENT Scotr:—A gentleman who is now taking up trac- 
tion problems to some extent, in connection with an engineering 
and traction company is Mr. O. S. Lyford, Jr., and he may be able 
to give us some interesting points in connection with the subject 
under discussion. 

Mr. Lyrorp:—I have listened with great interest to these 
papers. I am studying this problem at this time with especial 
reference to heavy electric traction service; but having gone into 
the matter only very recently, | am not able to throw any light 
on it at this meeting. Asa previous speaker has said, it would be 
difficult for any of us to add much to the able paper which Mr. 
Parke has presented. ; 

PRESIDENT Scotr:—A gentleman who has given attention to 
heavy railroad work in various particulars, from: both the 
engineering and commercial standpoint, is Mr. Calvert Townley, 
of New York, and possibly he can contribute something to our 
discussion. 

Mr. Town ey:—I echo, in common with the other speakers, 
the pleasure which has been felt in listening to the papers to- 
night. I was impressed with the fact, particularly in reading 
Mr. Parke’s paper, that although the subject is abstruse and 
contains a number of mathematical formule, it held the interest 
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-of every one in the room from start to finish. The story has been 


told in a clear and beautiful way and makes interesting reading 
apart from the value of its matter. igs 

Tests were conducted in Boston about two years ago by the 
Boston Elevated Railway Company, to determine anumber of 
braking and other questions with reference to their equipment. 
A train composed of three similar cars, each equipped with 


motors, brakes and all the other paraphernalia, was run up to 


practically its maximum speed, somewhere between thirty-five 
and forty miles an hour, and then the emergency brakes were set, 
current being kept on the motors. The object of the test was 
to determine what the effect would be first on the motors and 
the car equipment, and second on the speed of the train. It was 
found that when the train had slowed down to about twenty 
miles per hour, it continued at a constant speed, showing con- 
clusively that with each car equipped, it is not practicable to 
stop a train by means of brakes, unless the power be shut off. 
This fact is easily demonstrable by a braking-calculation, but 
at the time named it had not been brought out so forcibly and 
conclusively, and there were a number of people who differed in 
predicting the result of the tests. 

With brake-shoes placed between the wheels, nearly all brake- 
dust resulting from the grinding off of the shoes and tires, is 
thrown away from the electrical equipment. Of course, some of 
it does fall back on the motors, but in general the tendency is to 
throw the dirt away. Where the motor frames are run open, 
this arrangement of brake-shoes is of distinct value in keeping the 
motors cleaner and assisting toward a less rapid deterioration. 
With brake-shoes placed outside the wheels, the reverse is true, 
a great part of the dirt being thrown directly over the motors 
with consequent objectionable results. 

PRESIDENT Scotr:—Mr. W. O. Gotshall, of the New York and 
Port Chester Railroad Company, desires to ask some questions of 
Mr. Parke, and we shall be pleased to hear him. 

Mr. GotsHALL:—About a year ago I was associated with Mr. 
Parke in a suit in which we both gave some expert testimony. 
He gave at that time a statement of some distances within which 
trains running at sixty miles an hour and less, could be stopped. 
I believe they asked him whether he knew anything about the 
relative distances occupied in stopping a train using the electro- 
magnetic brake and one using the air-brake. If he can answer 
that question at this time I would like to have him do so. An- 
other question occurs to me, and that is, what are the relative 
first costs and subsequent maintenance costs of the electromag- 
netic brake and the high-speed cr quick-acting air-brake? I 
have been trying to find out for some time the relative effect 
upon the wheels, tracks and equipment of the internal versus 
the external suspension of brake-shoes, which Mr. Parke de- 
scribes, and I have not been able to get it. 

I was somewhat surprised to learn that Mr, Townley was of the 
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opinion that suspending the brake-shoes inside would protect the 
motors. I was in Boston some time ago, and understood that 
they were of the opinion there was more trouble from suspending 
the brake-shoes inside, than there was from suspending them 
outside. 

A series of interesting tests was shown to me some time ago 
between a hand-braked car and a power-braked car, under like 
conditions as to weights, speeds, etc. The power-brake was an 
air-brake. The tests were made for entirely different purposes 
than the one they finally served, They showed very conclusively 
that the energy-consumption in watt-hours per ton-mile, with 
the power-brake, was about 12 per cent.less than with the hand- 
brake. I was very dubious about it and thought there might 
have been an error somewhere. Subsequently another set of 
tests was made which showed that the first conclusions were 
about right. The explanation given is that the higher efficiency 
of the power-brake is due to the fact that the operator of the car 
does not run with the brakes set up half the time, as is the case 
with hand-brakes. A man intending to stop the car, after he has 
used the power-brake for a week or two, becomes accustomed to 
it and knows what it will do, and therefore he throws off his power 
first and then applies his brake; whereas he has the hand-brake 
partly set up all the time. That was new to me, and probably 
will be to some others of those present. 

Mr. ParkKeE:-~I regret that Iam unable to give definite answers 
to most of the questions Mr. Gotshall has asked. One of the first 
questions was in reference to the distance required to stop a car, 
at a speed of sixty miles an hour, with the magnetic brake. 
There have been no tests made with the magnetic brake that I 
am aware of; that is, no systematic definite tests, under known 
conditions. that would enable one to say how the stops compare 
with the high-speed brake. It is manifest,on the face of it, that 
the stops ought to be better, and much better than with any 
wheel-brake; because while with the high-speed brake even, the 
brake-shoe pressure is greater during the early portion of the 
stop, whe. the coefficient of friction is low, thereby effecting a 
compensation, andis reduced toward the end of the stop when the 
coefficient of the brake-shoe friction rises, the saime effect may 
also be acquired with the magnetic brake. It is a mere question 
of regulation, and in addition there is also all the braking effect 
of the track-brake. So I can only say as a reply to Mr. Gotshall 
at this time, that in a general way it is evident that the stops are 
considerably better, though it has not been definitely shown what 
they are. 

I am sorry I am unable to give prices. They vary a good dea] 
with the character of the construction. One of the difficulties in 
exploiting the magnetic brake, is the necessity of applying it toa 
good many different forms of truck-construction; and that, more 
perhaps than any other thing, has been the cause of its requ‘ring 
so much time in its development 
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In regard to the cost of maintenance of the magnetic brake, I 
doubt very much whether the latter has been in sufficiently long 
and extensive continued service for the matter to be determined 
very accurately. 

In regard to the effect of inside-hung brake-beams, I can only 
answer with respect to the experience upon steam railroads. 
The effect is very much better, so far as the influence upon the 
cars and upon the passengers in stopping, is concerned. The 
surging and shock at the moment of stopping, which result from 
outside-hung brakes, and also the tilting of the truck during the 
stop, are almost entirely removed. So far as any ill-effect is 
concerned, I know of none whatever. The stopping-efficiency 
of the brake is very much increased, and without any accompany- 
ing tendency to wheel-sliding. I know of nothing that has been 
found in the use of inside-hung brakes in steam railway practice 
that has been objectionable. 

Mr. GotsHaLL:—In addition to the other questions I have 
asked, I would like to ascertain what the relative effect on the 
equipment would be,-considering wheels and brake-shoes, between 
the high-speed automatic air-brake and the old style of air-brake? 

Mr. PARKE:—Of course, so far as wear and tear is concerned, 
it is obvious that a greater brake-shoe pressure is accompanied by 
greater wear both of brake-shoes and wheels. The wheels will 
wear down more rapidly in having brakes upon them than in 
running without prakes although it must be remembered, too, 
that the effect of rail wear upon wheels is very material. 1 know 
that in the early days when it was first proposed to apply brake- 
shoes to the driving wheels of locomotives, one of the objections 
which was foremost and loudest expressed, was that the tires of 
wheels were worn rapidly enough already, running upon the 
rails, without additional wear from brake-shoes but when brake- 
shoes of the Ross type were employed, which wear upon the 
flanges and the outside of the tread and do not wear upon the 
portion of the tread that is worn by the rail, it was found that 
tire-dressing by the brake-shoes was cheaper than turning the 
tires in the shop, and the wear of the brake-shoes compensated 
upon other portions of the tire for the rail-wear at the center of 
the tire. ; , 

So far as the use of the high-speed brake is concerned, if any 
additional wear has been observed, it has never come to our 
knowledge. You understand that in present practice the high 
pressure occurs only during the early part of emergency-stops. 
Of course, if it be used in other Bids. at service, where the 
emergency application is employed for ordinary service-stops, it 
is Sie iat more wear would result. I believe, that even 
should greater wear result, the advantage tm incisasing the 


efficiency of suburban service would far more than offset it; but 
so far as we have any information in regard to it, the use of the 
high-speed brake has been accompanied by no greater wear and 
tear, not even of the wheels. The brake-shoes probably wear out 
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somewhat mere rapidly, but we have heard no complaint even in 
regard to excessive brake-shoe wear. 

Mr. GotsHaL_:—Is there any difference per ton-mile or car- 
mile between the high-speed brake and the other? 

Mr. Parke:—Not in the braking apparatus, that I am aware 
of. Of course, there is an additional piece of mechanism, an 
automatic reducing valve, which in- the long run requires con- 
sideration and attention. It is simply that kind of attention 
which is given the rest of the air-brake apparatus; it is an 
additional piece of apparatus to clean and maintain, and it 
requires very little attention—so little attention, in fact, that it 
sometimes gets none at all until the ill-effect of getting no atten- 
tion is observed. 

Mr. MaiLtLoux:—I would ask Mr. Parke if the arrangement of 
the brakes or the ingenious method mentioned in his paper by 
which he proposes to get the toggle-joint effect on the front 
brake-shoes, has been in use for any length of time: also whether 
it can be used with any form of brake. Practically, that would 
imply the query whether it is a patented invention owned by 
some manufacturer or whether it is public property. 

Mr. Parke:—I will answer the last question first. As I got up 
the device, I am sorry to say that it could not be patented, so that 
it is one of those things of which the public may availitself. I 
presume that if I could have patented it and made the railroads 
pay for it, a good many of the railroads that have not done so 
would have adopted it. It seems to appear to the railroads when 
they find they can get something good for nothing, that there: 
must be something wrong: about it. 1 believe it is now the 
standard form of construction, and has been for some years upon 
the passenger equipment of the Pennsylvania Railroad. They 
adopted it some years ago and it has been in regular use on their 
cars, and has been similarly employed by several other roads. 
with entire satisfaction. The Pennsylvania Railroad found that 
they were sliding some wheels with the use of inside-hung-brake- 
beams at one time. The trouble was due to some mistake in the 
braking power applied, which was too high; when that was cor- 
rected, the trouble ceased. So far as I know, no serious objection 
to the use of the method has yet been found in the practical 
experience of a number of years. As to its application to differ- 
ent forms of trucks, so far as I know there is no case in which 
it may not be applied if the brake-beams can be gotten inside the 
wheels. There are many cases, especially in electrical construc- 
tion, where it is impossible to place the brake-beams inside the 
wheels, without some different arrangement of the motors than 
usually occurs. With the magnetic brake there is no effort to 
use a brake-beam across the truck. I did not mention that fact 
in my paper, and perhaps should have done so: but the magnetic 
brake on each side of each truck, is a unit in itself. Tie rods, at 
such points as to be out of the way of motors, connect these units 
and keep the apparatus from swaying; but there is no brake- 
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beam, so that this form of brake is applicable where the motozs 
occupy positions that would not permit the use of an inside-hung 
brake-beam. 

Me. Extas E. Ries:—It would appear on the face of it, that 
by the employment of magnetism, to obtain the pressure, there 
“would be an increase in the friction between the brake-shoe and 
rail, over that due to the pressure alone, which is given in the 
paper as being up to a limit of one hundred and fifty pounds to 
the square inch. I refer to the increased molecular friction be- 


‘tween the brake-shoe and the rail due to the magnetization and 


independent of the pressure, and I would ask Mr. Parke if he has 
noticed any such effect. If this effect is present, it would seem 
an important advantage in connection with the electromagnetic 
brake. 

Mr. ParKe:—I will say in reply to the gentleman, that the 
statement regarding the limit of one hundred and fifty pounds to 
the square inch, refers to the limit of the magnetic attraction of 
the shoe toward the rail, in other words, that is the force with 
which the shoe presses upon the rail. No attempt has to my 
knowledge been made to determine whether a different coeffi- 
cient of friction exists under such conditions from that.which 
results from mere pressure, without the presence of electricity or 
magnetism. No systematic experiments have yet been made 
with this form of brake to determine its exact efficiency, and this 
question could only be answered with a knowledge of the effi- 
ciency of the wheel-brakes by themselves; then the added effect 
of the magnetic brake could be measured and the coefficient of 
friction determined thereform. This has not as yet been done. 

Mr. Ries:—Have you noticed these effects? 

Mr. ParKke:—I do not know that there has been any observa- 
tion whatever of the frictional effect of the magnetic brake. I 
have not been informed that there has appeared to be any greater 
friction between the magnetic brake-shoe and the rail than would 
be accounted for by the ordinary coefficient of friction with the 
pressure employed. : 

PRESIDENT Scott:—The subject is open for general dis- 
cussion. 

Mr. W. N. SmirH:—One of the most interesting parts of Mr. 
Parke’s truly classical paper is his common-sense proof of the 
fact that the pressure of the forward wheels is greater than that 
of the rear wheels. An incident that once came under my ob- 
servation as experimental proof of this, may be of interest. Any 
member of the Institute who has at his disposal an electric car 
equipped with two motors can try it for himself. 

“Mr. Parke has briefly alluded to the ‘‘ back torque ” method of 
electric braking, which consists in disconnecting the motors from 
the line and throwing them in parallel with each other, with 
armatures reversed. One motor then operates as a generator and 
tends to drive the other backward, the combination thus acting 
as a brake. This as an emergency operation has been well 
known to those operating electric railways ever since it became 
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the practice to use independent reversing switches for two-motor 
equipments. I have more than once carried a heavily loaded car 
and trailer down a 4 per cent. grade by this means, when the hand- 
brake was so bad it could not be worked. After seeing Mr. 
Elmer A. Sperry’s original electric brake, which was brought out 
in 1894, | experimented a little on a 21-foot double truck street- 
car with maximum-traction brakes and one G. E. 800 motor on 
each truck, and I went through this electric-braking operation 
without applying the hand-brakes. While watching what was 
going on underneath the car, I noticed that the wheels of the rear 
truck would vibrate like the balance-wheel of a watch, revolving 
alternately backward and forward. One motor of course was 
bound to overpower the other, but it was always the rear wheels 
that slipped; and with an empty car no reason was then apparent 
why the rear motor should carry appreciably less weight than the 
forward one. Mr. Parke’s statement as to the increased braking 
effect on the front wheels, makes it easy to see why it was always 
the rear motor which lost its grip and vibrated backwards and 
forwards. 

The electric brake in its disk form, that is the fixed magnetic 
shoe working against a disk keyed to the axle and actuated by 
current from the motors working as generators, was first devei- 
oped by Mr. Sperry and has been used some years. It would bea 
contribution to this discussion if any one present could tell us 
something about the operation of this form of brake. 

Mr. W. J. Hammer:—As a matter of historical interest, I wish 
to say that any one interested in the magnetic brake may go to 
the Brooklyn Polytechnic Institute and there see Edison’s 
1880 locomotive with a passenger car, and underneath the latter 
a disk-brake on the axle, revolving between the poles of an electro- 
magnet. That identical outfit of Edison’s 1880 Electric Railroad 
carried over 5,000 people, and attained a speed as high as forty- 
two miles an hour. Another interesting historical item is that 
Mr. Henry E. Walter, at one time chief electrician for the Edison 
General Electric Company at Schenectady, designed a brake 
which he called a hysteresis-brake with magnetic brake-shoes 
acting on the track-rail. When Mr. Sperry read his original 
paper which was referred to, I called attention to this original 
work of Mr. Walter, as it seemed to me an interesting develop- 
ment in electric brakes. I saw the system tried experimentally 
by Mr. Walter in London, England, in the early part of 1892. 

PRESIDENT Scotr:—The discussions which we have at our 
meetings now have a greater importance than they have had in 
the past. Our New York meetings are the fore-runners of a 
number of meetings which will come a little later. Since our 
last meeting here, meetings have been held in Chicago, Denver, 
Cincinnati, Pittsburg and other cities, and the attendance at 
some of these local meetings has been larger than at the New 
York meeting. One local meeting has had twice as many in 
attendance as there are here to-night. In addition to these local 
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meetings, which consider the papers that are read before the 
INSTITUTE, and which also have the benefit of the discussions 
which take place here, there are other meetings held in colleges 
and technical schools. I had an interesting conversation this’ 
evening with some gentlemen who are present, about our recent 
work along these lines, and I am sure we would like to hear of 
this work in the schools and colleges, in addition to hearing 
further discussion of the subject of the papers. I call upon Prof. 
W.S. Franklin, of Lehigh University, tg address the meeting. 

Pror. FRANKLIN:—Mr. President, Prhave been approaching 
the point of rising to discuss the papers of this evening, and with 
your permission I will do so now, inasmuch as my colleague, Prof. 
Esty, is responsible for the good work which is being done at 
Lehigh, along the lines of local meetings, to which you refer, 
and is here to speak for himself on that subject. 

'My mind has taken an ultra-scientific turn during the discus- 
sion, and the assurance I need in making the attempt to unburden 
myself I received before coming to the meeting by reason -of a 
very satisfactory conversation I had at the dinner table with Mr. 
Townsend Wolcott. He and I got talking of Maxwell and with 
a degree of mutual understanding that was a delight. 

The matter is simply this—and I do not think it has ever 
been pointed out before—the real limitation of quantitative 
mathematics in engineering. We are all familiar with the old 
problem of the flow of water through a pipe. Nothing in the 
range of practical hydraulics has been subject to more elaborate 
experimental study and no formula in hydraulics has been more 
widely discussed than the formula expressing the relation 
between the flow of water and the loss of head. I will say flatly 
that there is no such formula nor any possibility of such a 
formula. : 

We deal in physics with two distinct classes of phenomena, to 
both of which we attempt to apply indiscriminately the notion 
of quantitative relation or correspondences. ery 

First, are those phenomena, if we may indeed dignify them by 
the name of phenomena, which are associated with states of equilib- 
rium; and second, are those phenomena or real happenings, 
which are associated with irreversible processes. As an example 
of the first class, consider a quiescent gas in a closed vessel. In 
this case there is an absolutely definite relation between the 
temperature of the gas, its pressure, its volume, its density and 
so on; quantitative correspondences do in fact obtain. se 

As an example of the second class, consider a gas which is 
streaming through an orifice out of a small chamber into a larger 
one. In this case the gas has no definite temperature, no definite 
volume, no definite pressure and no definite density; the changes 
which it undergoes are strictly infinitely manifold; a complete 
specification of these changes would involve an infinite multi- 
plicity of details, and these details would not be approximately 
reproduced if the process were repeated under conditions deviat- 
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ing infinitesimally from those obtaining previously. The fact is 
that infinitesimal variations of conditions may produce in general 
finite variations in the consequent trend of the dependent phe- 
nomena, and this failure of the principle of limits means abso- 
lutely the failure of all quantitative correspondences, except such 
as may be expressed statistically. 

As another example of this second class of phenomena consider 
the flow of water through a pipe. Every one who has observed 
this phenomenon with mg eyes (not through the mediation of an 
algebraic formula) has n& doubt noticed that it is a phenomenon 
which exhibits in its minute details an utterly irregular succession 
of fits and starts. Thus, a pressure-gauge connected to a pipe 
through which water issues from a tank, shows irregular and 
rapid variations of pressure. The only vigorously logical quan- 
titative study of the flow of water through a pipe, consists of a 
long series of repeated determinations of discharge under condi- 
tions which are as nearly as may be constant, and the result 
would be a certain definite mean discharge, and a certain probable 
deviation from this mean, that is, the results strictly speaking 
would be expressed statistically. There is not and cannot be a 
formula for expressing the relation between head and discharge. 
I wish my remarks to be taken suggestively, for I do not at 
present know precisely how to state fully what is in my mind, 
and I may be pardoned if I state a general conclusion, namely, 
that the present methods of physics do not and cannot serve to 
reduce the complex real phenomena, even of inanimate nature, to 
their ultimate elements. The phenomena of meteorology, for 
example, can never be systematized by present methods of 
physics; the principle of correspondence, or as it is sometimes 
called, the principle of cause and effect, in view of what I said a 
moment ago about finite variations in the phenomena resulting 
from infinitesimal variations in conditions, fails. 

Now, in regard to friction, I believe (in fact, my understanding 
of the case amounts to much more than a belief), that in this also 
strict quantitative correspondence fails; there is no such thing as 
a coefficient of friction, nor any such thing as a functional rela- 
tion between the force which pushes two sliding surfaces together 
and the force which is necessary to produce sliding. The whole 
matter is a statistical one and the scientific method for accom- 
plishing the utmost in the braking of a train would be, first, to 
study the mean functional relations between pressure on brake- 
shoe, velocity, temperature, time and retarding force, and to 
determine the probable variation from this mean; then, second, to 
devise a brake-mechanism which would cause the pressure on the 
brake-shoe to vary in such a manner with velocity, temperature 
and time, as to make it at each moment during the stopping of a 
train equally improbable that the frictional force might start the 
wheel skidding; the exact degree of improbability being open to 
choice and really, if one were to take the pains, determinate. 

PRESIDENT Scott:—Prof. Franklin has called attention to 
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another method of considering some elements with respect to the 
subject before us, and just as many different avenues of thought 
or consideration as we can indicate here in our preliminary dis- 
cussion, just so much do we open the lines of discussion which 
may be pursued in the local meetings which are to follow. Prof. 
Franklin reminded me of a young man who had not had a par- 
ticularly extensive mathematical training, who attempted to 
plot graphically the montnly sales of a company. As the 
accounts varied erratically month by month, during the year, 
he was not able to get a regular curve. He was much distressed 
as he thought a curve should be nice and smooth. Hé was 
trying to apply a mathematical method to something which did 
not admit of that sort of analysis, expecting to get a particular 
kind of result. His method was quite similar to that which Prof. 
Franklin has pointed out, wherein we sometimes try to apply 
certain physical laws to cases where they do not quite apply. 
We should now be pleased to hear from Prof. William Esty, 
also of Lehigh University. 

Pror. Esty :—-President Scott has suggested that perhaps a 
few words about our local section at Bethlehem might not be 
amiss. When the proposition to have local sections was inaug- 
urated by our President, I for one felt greatly pleased. I had 
hitherto supposed that the AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS was American in name only, and that it should 
properly be called the New York Institute of Electrical Engineers. 
I supposed this simply because I did not happen to live in the 
neighborhood of New York, and being out on the prairies felt 
beyond the reach of the INstTiTuTx’s influence. But now that I 
have moved nearer New York, approaching it, you might say, 
as a limit, I realize more than ever the benefit of living nearer 
the electrical centre of gravity.. Hence, for those more distant 
members of the Institute, I can forseee the great ad- 
vantage they will derive from this new policy. I can 
see, for instance, in the case of our local section, from the interest 
manifested from the start by the students, it is going to be a big 
thing for Lehigh; and I am sure by its results it will prove 
beneficial to the INsTITUTE, perhaps in a small way and I hope in 
a larger way. We have as a nucleus for our local section the 
electrical engineering society at the University. The semtors and 
juniors are active members and the sophomores studying elec- 
trical engineering are admitted as associates. We have some 
thirty-five or forty of the electrical engineering students in the 
club. We have already held three meetings, and have had a 
number of interesting papers presented by these students, 
with discussion afterwards, and you have no idea how 
stimulating such a reading of papers is with discussions on them, 
especially when the meetings are held immediately after the 
regular New York meetings. If things go on as they have started, 
and I think the enthusiasm will keep on growing, we may be able 
to send in at the end of the year a substantial addition to the 
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membership list of the InstirutE. If you realized how much 
this new policy was doing for Lehigh and other universities I 
know of, you would feel disposed to congratulate President Scott 
on his far-reaching policy in extending the influence and value 
of our great organization. 

Mr. C. O. Matttoux:—I was very much interested in the 
remarks of Dr: Franklin, not only in their application to these 
two papers, but to other things connected with railway work. I 
wish to state that Mr. Parke himself has done what he could to 
remove the fallacious opinions which exist about brake-shoe 
friction and its variability under different conditions. I remem- 
ber very well that his investigations of the subject, published in 
serial form in the Ratlroad Gazette, constitute another valuable 
contribution to the subject of engineering. Dr. Franklin has 
shown us the physical aspects of the problem, and he has given 
us reasons why we should not expect constant or uniform results 
under these conditions. We already knew by experience that 
we could not expect such results. Dr. Franklin’s remarks will find 
application in connection with another important detail of the 
problem of electric traction, namely, that of determining air- 
resistance. As we know, there are few experiments which have 
been made to determine the increase in train-resistance, at high 
velocity, due to the resistance of the air, but even the few experi- 
ments made seem to indicate a great discrepancy between the 
results attained. if we measure the train-resistances at. different 
speeds, in given units, such as pounds per ton. It seems to me 
that the application of Dr. Franklin’s remarks is obvious here, 
because in dealing with air-resistances we have a case where 
eddies, air-currents, etc., in a fluid substance, air, introduce 
fluctuations and variations which are exactly analogous to those 
in the fluid substance water, in the hydraulic example cited by 
Dr. Franklin. Dr. Franklin’s contribution to this discussion 
points a useful lesson in physics, and it may give us a key toa 
mystery or puzzle, the solution of which is much needed. 

PRESIDENT Scotr:—Several of the gentlemen this evening 
have referred in complimentary terms not only to Mr. Parke’s 
paper itself, but to his courtesy in preparing and presenting it; 
but that credit is not due wholly to Mr. Parke, as I will set forth. 
It may be remarked that the Committee on Papers enters upon 
an unknown field when it selects a certain subject, and then 
endeavors to fill up its programme. In this present case, if I 
recall rightly, some half a dozen or more papers were projected 
for exploiting different phases of the braking problem and the 
methods of solution. The Chairman of the Committee asked me 
if I would not call upon an engineer of the Westinghouse Air 
Brake Company for a paper. I sent a note to Mr. H. H. West- 
inghouse, of that Company, setting forth in a general way what 
was wanted; but the way in which I put it seemed to be a little 
too general. A conference with Mr. Westinghouse was arranged, 
and I called at his office one day when I was in New York.- I had 
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armed myself with a copy of our monthly Announcement and 
one or two volumes of our monthly Transactions. After look- 
ing them over, his first remark was: ‘‘ Why, your papers seem to 
be of a pretty high grade; you want a paper of some weight, and 
I think the best we can do is to have Mr. Parke prepare-a paper, 
as he can give one having the calibre you need for the Instituts.”’ 
So it is really due to the judgment of Mr. Westinghouse that Mr. 
Parke has given the main contribution to our programme this 
evening; and as Mr. Westinghouse is here, I will ask that he say 
a word or two. 

Mr. H. H. Westincuousse:—Mr*® President, I do not think 
I would have said anything if you had not put the matter in just 
the way you did. It is quite complimentary for you to say that 
I recognized the character of papers required by the InstiTuUTE 
and knew of the man who could write a paper for this evening. 
I am pleased to know that the paper which Mr. Parke has read 
has been so acceptable. I cannot add much to the discussion of 
the subject, except perhaps a few words along the lines of Prof. 
Franklin and Mr. Mailloux. I think it is true that the subject of 
braking is a sort of indefinite proposition, that the coefficient of 
friction is rather a flitting bird, and it is hard to locate its tracks 
definitely. Mixed up with the proposition, also, is the matter of 
the personal equation of the users of the apparatus. I was 
thinking of this phase of the question during the time when Mr. 
Parke was asked as to what had been done, and whether some 
definite results or data were available in regard to the magnetic 
brake. An explanation is perhaps due as to why something 
better in the line of comparative efficiency could not be furnished, 
and, in explanation, I may say it is on account of a very uncertain 
element in the question, and that is the man who operates the 
brake. As a matter of fact, we feel that we have a good appar- 
atus in the magnetic brake, that it contains excellent elements as 
explained by Mr. Parke, and has an operative efficiency in 
advance of anything heretofore used; but, as we are manu- 
facturers, the practical aspect of the case is one which always 
interests us. We have learned that the element of the man who 
works the brake is so everlastingly combined with the mechanism 
that there is no use in drawing conclusions until that factor has 
been tried out. Consequently, when our experiments, tentative 
as they were, indicated that a generally high efficiency was: 
obtainable, we sought opportunity to put the brake into a wide 
general practice in Pittsburg, as we felt the necessity of finding 
out whether the intelligence with which the brake could ordin- 
arily be operated would be such as to produce the effect that the 
mechanism itself seemed to assure. To determine that point 
requires considerable time; a few experimental runs, a few 
satisfactory stops, would prove nothing. We do not contend 
that the brake is entirely removed from the liability of accident; 
it is beyond question that there will be accidents due to the fail- 
ure of the cars to stop in sufficiently short time to prevent 
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collision. Of course, the causes which lead to collisions are many 
and various; but in every instance where a new brake is em- 
ployed, when an accident occurs, the explanation always reported 
is that the brake failed; and, therefore, it is necessary that it 
should be tried long enough and under such widely varying con- 
ditions, that those who operate it shall acquire sufficient confi- 
dence in it to apply their common sense to causes of trouble and 
accident, and to determine whether it was the failure of the 
apparatus or the conditions under which the apparatus was used, 
which brought about the trouble. Therefore, I may say that 
the reason why there is no more definite data available now is 
largely disclosed by the fact that we have not thought it worth 
while to go after it and get it, until we were assured that the 
device was in a fair way to receive practical application. I may 
say, as Mr. Parke has explained, that, so far, everything is mov- 
ing well, and that we hope at some time in the future something 
more satisfactory may be presented in the way of data. 

PRESIDENT Scott:—If there is no further discussion the 
meeting will adjourn. 

Meeting adjourned. 


Discussion COMMUNICATED AFTER ADJOURNMENT BY W. S. 
FRANKLIN. 

I beg leave to call the attention of the members of the InstI- 
TUTE to a discussion which will perhaps help to convey my 
meaning in the statement I made regarding the failure of the 
principle of limits. If an infinitesimal variation of condition can 
produce a finite variation in results, it is evident that a finite 
variation of conditions might produce a stupendous variation in 
results. In Science, Vol. XIV., p. 496, September 27, 1901, I 
pointed out in detail how this principle may enable us to control 
meteorological phenomena, and I pointed out also just what kind 
‘of knowledge we must obtain in order to realize this possibility. 
In this discussion I mentioned perhaps too indulgently the smoke- 
ring cannonading of Burgomeister Stiger, which had attracted 
considerable attention during 1900 and 1901. 


CoMMUNICATION AFTER ADJOURNMENT BY R. A. PARKE. 

Having had no opportunity to examine Mr. Keiley’s paper 
before it was presented at the December meeting, I was not pre- 
pared at that time to call attention to one or two features which 
appear to me to call for a word of caution. Mr. Mailloux 
referred to the difficulties he had discovered in making any 
general use of formule for train stops, in his discussion of Mr. 
Keiley’s paper; but it may prove advantageous and useful to 
point out more specifically the reasons why such formule are 
unreliable beyond the very narrow range of conditions from 
which they appear to have been derived. 

It will be noted, first, that, in deriving the formula, it is stated 
on page 21 that, after the car was brought up to speed, the speed 
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“was found to fall off at the rate of about 0.16 miles per hour per 
second.’ It is, of course, a well-recognized fact that train resist- 
ance or car resistance is a function of the speed, and any formula 
which contains a constant train resistance can be applicable only 
to conditions which include the speed to which such resistance 
applies. Also, the distance run during the nterval that the 
brakes were applied depends, in the formula, upon the initial 
speed at the instant of application and a constant retardation R, 
which is designated at the “ rate of braking, in miles per hour per 
second, from setting of brake-shoes to stop.’’ This quantity Rk 
is, in reality, different for every different speed, and, if determined 
from stops made from a speed of from 15 to 18 miles per hour, the 
stopping distance given by the formula would be very much too 
great for a speed of 35 or 40 miles per hour. 

The formula for the total distance (on page 23) contains a 
constant quantity N; that is, one independent of the speed. 
The use of the constant in such a formula necessarily intro- 
duces error in the lengths of stops computed for low initial 
speeds, which increases as the initial speed becomes lower. It 

“will readily be seen that the formula would require that the 
car should still run a definite distance if the brakes were applied 
when the speed is practically zero. Obviously, no formula of 
general application for stopping distance in terms of the speed 
can include a term containing the zero power of the speed. 

These statements are not intended to imply that arbitrary 
formule of this kind are without practical utility. Such formule 
are very useful and even necessary in reducing the length of _ 
stops from known speeds to that of a standard speed, not greatly 
differing from those from which the test stops were made. Where 
competitive tests of different brakes are to be made, under 
definite conditions, for stops from a given speed, the actual 
stops will generally be made from speeds near, but usually a 
little more or less than that which it is desired to realize, as it is 
extremely difficult to attain the exact speed desired at the time 
that the brakes are applied. It is then necessary, for the 
purpose of comparison, to reduce the actual stops to the corres- 
ponding distance for the required speed, and this may be done 
very satisfactorily, and with but little error, by the use of such 
formule. ; 

Years ago, I found considerable satisfaction in the discovery 
of a formula of the same general character as that given in Mr. 
Keiley’s- paper—except that it included no constant term. It 
seemed to correspond very satisfactorily with a considerable 
number of train stops under known conditions, and it was not 
until the formula was applied to considerably greater speeds that 
I became very suspicious of it. I then analyzed the matter very 
carefully and discovered the difficulty of obtaining a formula 
applicable to a wide range of conditions. Where train resist- 
ance and grade influence are onitted, I found a logarithmic expres- 
sion for train stops, which may be employed for any initial speed, 
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Train resistance is so insignificant in comparison with that of the 
brakes, that suitable provision may be satisfactorily made for it 
in the constant coefficients of the formule; but the effect of grade 
is quite a different matter, and no general expression, short of an 
infinite series which does not satisiactorily converge, can be 
found to apply satisfactorily under the various conditions of 
regular practice. A complicated and cumbersome approximate 
expression, involving the cube of the initial speed, was derived; 
but a sufficient number of stops under sufficiently different known 
conditions was not available to determine satisfactorily the con- 
stant coefficients, and the formula would have been too com- 
plicated and tedious in its application for any general use, if the 
constants could have been determined. Therefore, while the 
formula in Mr. Keiley’s paper may serve well for comparison of 
the performance of brakes at a given speed and under specific 
conditions, the absence of any suggestion in the paper that its 
usefulness does not extend to other conditions and speeds has led 
me to offer these words of warning to those who may be seeking 
some simple means of finding the stopping distance of cars or 
trains from various speeds, as such formule are not even 
approximately reliable under conditions materially different 
from those under which the constant coefficients were derived. 

It appears to me that Mr. Keiley displays considerable courage 
in attempting to determine the commercial value of different 
brakes in even a single kind of service. The problem is a most 
intricate and illusive one, and the reduction to a matter of dollars 
and cents of the various elementary items entering unto the sum 
total, to be charged against each brake must, in any case, become 
a very complicated and difficult matter. For instance, the per- 
sonal element of the operator of the brake is a most important 
one, and is so uncertain that the most efficient and economical 
brake may be caused to take almost any rank from the best to 
the worst. . 

Wheel sliding, for instance—which I do not find enumerated 
under the features of controlling importance in the paper— 
should condemn a brake possessing practically all the other vir- 
tues, but subject to that failing. Hand brakes of high efficiency 
are especially subject to this evil; because, if adapted to the use 
of men of moderate strength, wheel sliding is almost certain to 
result under the manipulation of men of greater strength, unless 
the greatest care is exercised in operation. In a certain series of 
competitive tests,a hand brake of especial design attained the 
most satisfactory results of any of a number tested. In these 
tests, the brake was Operated by a picked man, whose discretion 
enabled him to make the most satisfactory stops without sliding 
wheels; but the daily pounding of wheels with worn-flat spots 
under-a large proportion of the cars equipped with it upon the 
road, clearly indicated that, in the actual service of everyday 
use, the same brake was a most expensive luxury, in the hands of 
the average operator, ; 
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Also, in reference to the matter of accidents, the rating of a 
brake may be made or ruined by the character of the men em- 
ployed, or by the price which a company is willing to pay its 
employees. Moreover, a brake might be in regular and extensive 
operation for a number of years without any accident, and so the 
charge against it in the accident column of Mr. Keiley’s 
method, at the end of that time, would be nil; but the next 
year an accident might occur (and perhaps under conditions or 

‘from causes for which the brake ought to be held in no wise 
responsible, if the operator did not find it necessary to exculpate 
himself), of such magnitude that the average annual cost of 
accidents for ail the previous years would thereby become con- 
siderable. It might easily occur, during a limited period of 
observation, that an inferior brake would show aclear accident 
record, while a superior brake, more simple and sure of opera- 
tion, would be subject to a heavy charge for one or more acci- 
dents, which, if the actual facts and true conditions were all 
known, could not possibly be attributed to fault or character- 
istic of the brake or of its operation. It would therefore hardly 
seem that any figures of this kind could be accepted as really 
significant of the commercial value of any particular brake, 
unless made up from statistics from a considerable number of 
roads, operating under the various different conditions of prac- 

' tice, and extending over a long period of vears. 


DISCUSSION AT PITTSBURG, JANUARY 5, 1903. 


PROGRAMME. 


Mr. C. F. Scott, Introductory Remarks. 

Mr. N. W. Storer abstracted Mr. J. D. Keiley’s paper, ‘‘ Some 
Brake Tests and Deductions Therefrom.”’ 

Mr. 8. A. Parke presented his own paper, ‘‘ Railroad Brak- 
ing.” 

ae C. Renshaw abstracted the New York Discussion. 

Upon motion of Mr. P. H. Thomas, a vote of thanks was 
unanimously extended to Mr. Parke for his very able and in- 
structive paper. 

Mr. Parke took exception to some of the general conclusions 
drawn by Mr. Keiley in his paper and stated that he had written 
a letter to the INSTITUTE setting forth at some length his views 
on the subject of this paper. . 

Mr. F. C. Newell stated that all of our data in regard to braking 
had been obtained from tests made under steam railroading 
conditions but that electric traction had introduced many new 
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problems. Mr. Newell said he thought the great majority of 
accidents which occur in electric traction are due to the inferior 
grade of operatives employed, and that unless a more intelligent 
class was obtained the best appliances that could be devised 
would not be sufficient to prevent many catastrophes. 

Mr. Storer stated that the coefficient of friction could be very 
accurately measured by driving electric cars with brakes ap- 
plied. Observations of the pressure applied to the brake and 
the power consumed by the motor would enable accurate cal- 
culations to be made. 

Mr. Calvin W. Rice called for original papers from members 
of the Local Section, to be presented before the Section at future 
meetings. 

Mr. Scott called attention to the style of Mr. Parke’s paper, 
saying that it was ‘a beautiful story; an example of the poetry 
of common things.” 
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Discussion aT Curicaco, DECEMBER 30, 1902. 


Local Honorary Secretary R. H. Pierce in the Chair. 


_ The papers discussed were: ‘‘ Some Brake Tests and Deduc- 
tions Therefrom,”’ by Mr. J. D. Keiley, and ‘“‘ Railroad Car Brak- 
ing,” by R.A. Parke. The first paper was read by Mr. B. J. 
Arnold, and the second by Mr. T. P. Gaylord. 

_ At the conclusion of the reading of Mr. Keiley’s paper, Mr. 
Arnold said: I think this is a very interesting paper, but it is 
more useful as a matter of reference than for discussion, unless 
one is a little more familiar with the conditions under which the 
author worked. 

At the conclusion of the reading of Mr. Parke’s paper, Mr. 
Gaylord said: Any method of electric braking requires that 
special attention should be given to the capacity of the motors 
applied to the car. I know of a number of cases of trouble from 
motors installed in cars using electric brakes, due to the fact that 
the motors were furnished on the supposition that they would 
have their usual relaxation from work during the periods of 
braking and stopping; but with the use of electric brakes the 
motors do not derive the same advantages in cooling off. In 
some instances this will make quite a difference in the size of the 
equipment to be used. 

Mr. J. R. CravatH:—The question of rapid-service stop- 
braking on interurban equipments has not, apparently, been a 
very serious one on most of the interurban roads that have here- 
tofore been installed; at the present time the matter is being 
agitated, and I know of at least one road where the ordinary 
service stops on the contemplated schedules will call for some- 
thing that is of the nature of an emergency stop. Then comes 
the question of getting the same kind of performance out of an 
ordinary straight air-brake that you get out of a Westinghouse 
automatic high-speed brake. Of course, most interurban cars 
are equipped with straight air on account of its simplicity, and 
the greater ease with which the motorman can handle it. I 
believe that on the road which I have in mind there was some 

intention of accomplishing the same results as with the Westing- 

house automatic high-speed brakes, by educating the motorman 
to start in with a very heavy brake application at the higher 
speeds, decreasing it as the speed fell off. This will require judg- 
ment on the part of the motorman regarding the pressure to be 
used at the first application, and the rapidity with which it 
should be decreased. However, a motorman with a straight 
air-brake, such as is used on interurban cars, should always use 
judgment, for the full storage tank pressure generally carried is 

sufficient to slide the wheels. , 

There is another matter closely related to brakes and braking 

problems which has not been previously referred to to-night. 

Some of us have recently seen apparatus that is being exploited 

for increasing the traction between wheel and rail by magnetism. 
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Some of the tests seem to be véry promising. Of course, if it is 
possible, with a reasonable expenditure of energy, greatly to 
increase our coefficient of friction between wheel and rail, it has a 
very important bearing on braking, especially with a slippery 
rail. 

Mr. Pierce:—Have you any data regarding the supposed 
increase in the coefficient of friction obtained by this means. 

Mr. Cravatu:—I believe that the people who are exploiting 
this device cite tests on a 15-ton motor car at Seattle, on which it 
was claimed that with an expenditure of 24 h.p. in electrical 
energy the tractive effort, before the wheels began to slip, was 
increased 350 per cent. One peculiar thing about it is that-the 
traction does not fall off in the same ratio after the wheels begin 
to slip, as it would if the magnetic device were not in operation. 

Mr. Prerce:—The wear on the wheels would be correspond- 
ingly bad, I suppose. 

Mr. Gaytorp:—Do you know whether any experiments have 
been made as to the effect on the bearings? 

Mr. CravatH:—No; I do not know anything about that. 

Mr. ARNoLD:—If I recall the matter correctly, Mr. Ries, of 
Baltimore, discussed that thing pretty thoroughly about ten 
years ago. He got up some kind of device similar to this. In 
fact, I do not see anything very different in principle between 
Mr. Ries’ scheme and the scheme just referred to. He simply 
passed .a current through the wheel and rail and back through 
the machine, causing magnetic adhesion between the wheel and 
rail. That scheme has not revolutionized anything yet, and I 
think the matter was dropped. This device referred to to-night 
may be a little different, but the principle seems to be the same. 

Mr. Pirerce:—i also remember some experiments having 
been made some time ago. I donot know that they are the same 
ones as those referred to by Mr. Arnold; but there was a claim 
made that a current passing into the track of an ordinary system 
such as is in common use, caused a certain amount of adhesion 
between the wheels and the rails. The current passing through 
the wheel would not magnetize it. Did he have a winding, Mr. 
Arnold? 

Mr. ArnoLp:—I do not recall the facts. very clearly, but I 
remember he had us somewhat excited; however, it did not 
amount to anything. I know he passed a current through the 
wheel and rail. ~How he brought it back I do not know, but he 
claimed an increase of friction between the wheel and rail. But 
I think the amount of energy spent to do this, and the mainte- 
nance, will more than offset its advantages. 

Mr. CLrarx:—I do not know whether any of the gentlemen 
here have seen this device or not. Some models of it have been 
on exhibition in Chicago in the Rialto Building. It certainly 
seems very effective. We watched the car climb a grade that it 
couldn’t possibly have climbed unless aided by that device. 
When you take hold of the car you can hardly hold it back. I 
do not know whether the device is still on exhibition or not. 


a 
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Their idea is to put them on locomotives, and when they 
encounter a steep grade, to apply the magnetic circuit. 

Mr. Pierce:—I have not seen this device, but I received a 
printed invitation to examine it; however, after having exam- 
ined a full line of similar articles, I thought I would not take time 
to look at this one, and sent one of my assistants instead. He 
came back very enthusiastic about it. 

Mr. CravatH:—Of course the efficiency of any device of that 
kind depends a good deal on the length of the magnetic circuit. 

Mr. ArNoLp:—There is no doubt but that it will make the 
wheel stick to the rail better than if there were no current passing 
through; the question is, however, how much it will cost you to 
get the device and how much you will gain by it. 

Mr. CLarK:—That is a matter of dollars and cents, but when 
you consider the question of the technical interest, there is no 
doubt that in turning on the magnetic circuit, you are increasing 
the traction considerably. That little car could not go up the 
hill without that device, and with the device it climbed the hill 
very easily and was able to pull a considerable additional load. 

Mr. Eucene B. CLarK:—One point of interest that has 
occurred to me in connection with the magnetic track braking 
device, mentioned in the latter part of Mr. Parke’s paper, and 
which I was discussing with Mr. Gaylord just before the meeting 
was called to order, was the question of how much power is 
supplied by the motors when they are acting as generators. Mr. 
Gaylord told me it isa very small amount. I might mention an 
instance that recently came to my attention. The problem of 
braking the trolley of an ore-handling machine was before us. 
The trolley weighed about 140,000 pounds and traveled about 
1,000 feet a minute across the bridge of a crane about 100 feet in 
the air. The bridge was about 500 feet long. We took every 
possible precaution to produce the most effective braking we 
could devise, we used air brakes and provided the motor 
brake, consisting of the brake controller, which converts the 
motors into generators. We also used a hand brake, and besides 
that, at the ends, a buffer device. We considered that the most 
effective part of the braking was that done by the motors and 
that that part which was due to the effect of the disc, or what- 
ever part might be supplied in place of the disc, was of com- 
paratively small importance. Acting upon that supposition, we 
did not provide anything except straight resistance in the 
motors; therefore, we simply converted the motors into gener- 
ators and loaded them to stop the motion of the car. That was 
very effective—in fact, too effective. It would not take hold 
until a certain point, and when it did take hold it did so vigor- 
ously. One disastrous result which we thought was due to this 
cause was the breaking of the axles. We designed an axle that 
appeared to be strong enough, but we had to enlarge it, and then 
enlarge it again, and even then the axles would break. Now, I 
would like to know if it is a fact that the same experience has been 
met with before in braking street cars; do the axles break? 
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Mr. B. J. Arnot» :—I think the chief objection that has been 
brought against electric brakes that act upon the clutch principle 
is the increased size that the motors must have in order to stand 
up under the work, since they are working all the time, as Mr. 
Pierce has pointed out and as others here have mentioned. I 
have never licard of the axles breaking from that cause, although 
they might have done so, but of course axles break for other 
reasons. In hilly countries axles are more liable to break than 
they are in flat countries. It might be that the axles break more 
on that account than from the magnetic brake. 

Mr. T. P. GayLtorp:—I am somewhat familiar with the situ- 
ation in Pittsburg, where conditions with respect tc: grades are 
rather severe. As Mr. Arnold has said, the breaking of axles is 
largely due to mechanical conditions rather than conditions 
of load on the motor acting as a generator. As to the amount of 
energy developed in a motor, I understand that in the Newc'l 
brake system the energy derived from the motor acting as a 
generator is just about sufficient to compensate for the energy 
stored in the revolving elements of the motors and the truck 
wheels. In other systems I think, perhaps, the amount of 
energy taken from the motor is considerably more. 

Mr. CLarK:—lIt is to be noted in the case I mentioned, that 
we worked on the assumpt'on that the principal part of the 
braking was due to the load on the motors. It is not at all 
unlikely that we were wrong in that assumption. ~ Of course, 
under such conditions as we were operating, all of the work was 
done in the motors, and therefore the ioad on the motors was 
considerable. There was no braking anywhere else. 

Mr. Pierce:—In the use of this system where the current 
generated in the motors acts on the magnetic brake, how much 
would that increase the size of the equipment, in ordinary prac- 
tice? 

Mr. GayLorp :—It is difficult to make any general statement; 
it would vary with every different installation, depending on the 
frequency of stops. 

Mr. CrarK:—I can say that we found nio difference, as far as 
we could determine, in the temperature of the motor, whether 
we were using the motor brakes or not. 

Mr. Pirrce:—Was the motor acting at a low voltage during 
the time it was working on the brakes? 

Mr. CLarK:—Oh, yes. There was probably considerable 
current, but only for short periods of time. We had an air 
brake which could be used. 

Mr Pirrce:—Are you referring to this particular case? 

Mr. CLarK:—Yes; the particular case of the ore-handling 
machine. It seems to me that is of interest as a bit of evidence 
showing that one cannot depend upon the belief that I think is 
quite prevalent among those who use this method of braking, 
that the principal part of the braking is in the motor. 

Mr. Pierce:—I notice in the paper describing the air brakes, 
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attention was called to the fact that as these brakes were origi- 
nally installed, the valves acted slowly, so that the brakes were 
set on the last car considerably later than on the first car; but in 
the quick-stop, automatic arrangement here described the action 
is very much quicker. 

I notice it said in the paper that the power to be given these 
valves was transmitted as rapidly as sound. It occurred to me, 
in reading this paper, that that was not a very great speed at 
which to transmit this power; that would only be equivalent to 
‘about 1,100 feet a second. On.a long train, going at a very high 
rate of speed, the time required to transmit the signal for down- 
brakes would be from one-half second to.one second between the 
action of the valves on the front car and the last car, and in 
extreme cases there might be a difference in time which would 
correspond to a car length in distance. I think it was in 1886 
that some tests were made for the application of electricity to 
operate the air valves, so they were operated simultaneously on 
all cars. These were tests that the Westinghouse people par- 
ticipated in, and I believe they soon afterwards became owners 
of the patents. I think that is the last I have heard of the 
matter. I donot know whether the Westinghouse Company has 
ever used that device or not. I remember there was a lever by 
which the electricity was thrown into a device operating the valves, 
and they all operated simultaneously. The electricity was pro- 
vided by storage battery. I presume the gentleman who wrote 
this paper was familiar with what was done at that time, and 
what has been done since. I should like to know if any one here 
is familiar with that subject. It seems to me we should get the 
same result as we do with the multiple-unit system, where we not 
only accelerate on all the cars, but the acceleration starts at the 
same instant. If we could start the retardation on all cars at the 
same time, it would be of great advantage. 

Mr. ArNoLtp:—I was a guest of the Westinghouse Air Brake 
Company during the time those tests were made. A good many 
railroad men were invited at that time to witness those experi- 
mental air brake tests. It was in 1887. They made some tests 
between St. Paul and Minneapolis on the Northern Pacific road. 
and made several runs at various speeds and various applica- 
tions; then, after making these runs, they showed how rapidly 
they could stop the train, and how quickly they could pile us up 
in the ends of the car, if they did not use the quick-acting brake. 
They finally stopped the train and let us stand along the track 
beside the train, near the last cars. Then we watched the loco- 
motive, the whistle was pulled the instant they applied the brakes 
and we could see the steam come out of the locomotive. The 
brakes on the rear cars would be applied before the sound from 
the whistle reached us. It showed that the brakes acted more 
rapidly than sound would travel. Isaw that experiment several 


times. 
It is a fact that about that time, or soon after, this electrical 
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brake came out, and it was acquired by the Westinghouse 
Company, but for'some reason they have not developed it. .But 
I understand the fact is, the electrical device which Mr. Pierce 
spoke of did the work more satisfactorily than the air, but it 
introduced additional complications that were not really neces- 
sary, and because air did the work practically well enough, 
they have continued to use air. 


LS) 


THE ENGINEER OF THE TWENTIETH CENTURY. 


BY CHARLES F. SCOTT. 


Response to a toast at the Twenty-fifth Anniversary of the 
Engineers’ Club of Philadelphia, held at Union League, Saturday, 
December 6, 1902. The invitation to be present at the Anniversary 
was extended to Mr. Scott as President of the Engineers’ Society of West- 
ern Pennsylvania and as President of the AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEEBS. 


Printed in the Transactions by Order of the BoARD oF DIRECTORS. 

GENTLEMEN :—It is significant that the response to this toast is 
assigned to the representative of the Engineers’ Society of West-. 
ern Pennsylvania. This society represents the engineers of 
Pittsburg, the city above all others pre-eminent in its industrial 
and engineering works in the country which is assuming the 
industrial supremacy of the world. The products of Pittsburg 
owe their inception to the inventions and designs of the engineer; 
under his supervision they are manufactured; and in turn they 
become the materials which other engineers employ in the con- 
struction of buildings, railroad and prower plants throughout the 
whole world. This is the age of steel; Pittsburg furnishes the 
steel. This is the age of electricity; she produces the largest 
dynamos. The tonnage of Pittsburg’s railways far exceeds that 
of New York City. The tonnage of the Pittsburg harbor, not- 
withstanding shallow bottoms and low bridges approximates that 
of the New York harbor. Industrial Pittsburg! of the engineer! 
by the*engineer! for the engineer !—typical of the present, signifi- 
cant of the future! Do you ask me to portray that Puturer. <1 
ask you to look back fifty years to the time when the first railroad 
bridge across the Allegheny built against the protest of hack 
drivers and sympathetic citizens, brought together the track 
from Ohio and the track to Philadelphia; it brought them to- 
gether, but it did not join them; for the State legislature had 
ordained that the gauges of the tracks should be different, in 
order to prevent domestic cars from wandering too far from 
home. Compare conditions then with those now. Note what 
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the engineer has done since some of those present reached middle 
life. Who will venture to predict what we young men may see 
before we become old? It is with pride that I see how my own 
city—Smoky City of the Keystone State, the city of engineers 
and of industry—is growing in influence. A week ago a Phila- 
delphia paper quoted a multi-millionaire thus: ‘“ Pittsburg 
instead of Wall Street must be considered hereafter as the potent 
factor in the continuation of our national prosperity.’”?’ When 
money rates go up in Wall Street and wage rates go up in Pitts- 
burg simultaneously, it is the industrial thermometer which most 
truly indicates the real prosperity. ENTER ENGINEER: Exit 
SPECULATOR. 

It is significant also that the reponse to this toast is assigned 
to the representative of the AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. This organization represents the electrical engi- 
neers of America—the country above all others pre-eminent in 
electrical activity—at a time when its applications are making 
tis the age of electricity. For a retrospect of general engineer- 
ing we appeal to the memory of men past middle life; but the 
electrical awakening is within the easy memory of us all. 

Electrical work is seldom independent. It does not stand 
alone, complete in itself. Electricity is usually an instrument, a 
means to an end. It is not energy derived at first hand from 
electricity which enables the car to move and the cranx ¢o lift a 
weight. It is power derived from the engine, which happily can 
be transmitted by electric wires better than by shafts or ropes 
or belts. It is because electricity is primarily an agent, a means, 
that its applications have been so diversified, so extensive, and so 
far-reaching in their effects. 

The telegraph, the cable, the telephone have had a profound 
effect upon political, commercial and social affairs. The appli- 
cations of electricity bring the evolution of new methods as well 
as the revolution of old ones. It is a new instrument which has 
given to the whole world a new method of doing things. 

The electrical engineer follows the new gospel, the gospel of 
service. His mission is helpfulness. Through his aid the mining 
engineer lights his mine, drives his fans and pumps and drills, 
and conveys his product. Through his aid the mechanical 
engineer has modernized the machine shop by the electric crane 
and by motor-driven tools, which increase output and reduce 
cost. Through his aid the railway engineer has replaced the 
horse-car by the people’s automobile, which for a few cents will 
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carry anybody from city to suburb more quickly than it was 


_ possible by any means at the command of even tue millionaire a 


dozen years ago, and that, too, with the added comforts of 
warmth and light. Through his aid a new realm is opened to the 
chemist in the field of electrochemistry. Through his aid the 
engineer of plant life, the farmer of the west, transforms the 
desert into a garden by motor-driven pumps and the distant water 
power. Through his aid the engineer of human life is given a 


new sight to penetrate the living body and a new stimulus to 


excite the inactive muscle. Through his aid the luxuries of 
yesterday have become the necessities of to-day, and the impossi- 
blé has become the commonplace. 

The great discovery of the nineteenth century was cooperation, 
the effectiveness of concentration, the efficiency of largeness. 
Compare the old days of the hand loom in the home, of the shoe- 
‘maker at his bench, of the individual oil well and coal mine, of 
the small railroad and of the small factory—compare these with 
modern methods, pregnant as they are with unbounded possi- 
bilities—possibilities of good and possibilities of evil; of good, 
because the-engineer has provided the means for doing the 
world’s work far more efficiently; of evil, because the social, the 
industrial, the commercial systems have not kept pace with the 
advance made by the engineer, but are still tainted with injustice 
and selfishness. 

The tendencies of the nineteenth century projected into the 
future, reveal in dim outlines at least, the engineer of the twenti- 
eth century. He is to deal with large affairs ina large way. He 
is to be closely related to every department of modern life. He 
is to become a chief factor in adjusting and operating the intricate 
mechanism of a new civilization. He is to advance to admin- 
istrative positions for which his knowledge and his training 
peculiarly fit him. Note present examples. At the head of the 
Pennsylvania Railroad, directing its vast affairs in the present 
and planning to meet the demands of the future, is an engineer 
surrounded by engineers—President Cassatt. At the head of 
the interests with which I am connected is a man, successful as 
organizer and manager and financier, a genius in his foresight, but 
first of all an engineer, George Westinghouse. Sound judgment, 
breadth of view, integrity of character, the ability to understand 
and to control men as well as matter, and to direct human forces 
as well as physical forces, are essential to the engineer of the 
future. A recent event which has aided in bringing America to 
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pre-eminence is the victory of our navy. A naval battle is a con- 
test between fighting machines, and these are the products of the 


engineer. All honor, then, to the engineer, so fittingly repre- 


sented here to-night by Admiral Melville. 

Besides their new relations to others, there will be new rela- 
tions of engineers among themselves. All that I have said so far 
emphasizes what we all know, namely, that the several branches 
of engineering are intimately interdependent and correlated. 
Take a single instance of large work, the extension of the Penn- 
sylvania Railroad into New York City—the tunnels under the 
Hudson and East Rivers, the terminal facilities and the electrical 
equipment—and endeavor to name an important branch of 
engineering which is not essential to this undertaking. The 
work of the future demands codperation, not clanishness—unity, 
not jealously. Engineers must be specialists, therefore they must 
work together. The several branches of the profession have 
their individual interests; they have a larger common interest. 
As we marvel at what the engineer has done, as we attempt to 
picture what he may accomplish, do we realize the far-reaching 
responsibilities which confront us? Shall we rise to meet them? 
We gave to the world the steam engine, the steam vessel, the 
railroad, the telegraph and the cable, machinery, industrial 
processes, the electrical central station—the fundamental requi- 
sites which underlie codperation. Is it not time that we apply 
to ourselves the great lesson of the last century? What organi- 
zation stands before the world as representative of the engineer- 
ing profession? In what way do engineers present themselves 
to other professions? A noted lawyer recently addressed the 
annual banquet of a local engineers society containing members 
of national and international reputation. His remarks were 
. based upon the idea that all engineers were codrdinate with a 
common chainman, and they would have been positively insulting 
but for his air of blissfulignorance. A few years ago a gentleman 
of eminence in addressing the American Society of Mechanical 
Engineers, advised its members not to join in a machinists’ 
strike! Has the engineer been accorded the recognition and 
the reward which are his due? In what way do engineers 
cooperate to adyance their own profession by mutual helpfulness 
and by undertaking measures which advance the efficiency and 
the usefulness of engineering work? There are national engi- 
neering organizations of various kinds—the civil engineers, the 
mining engineers, the mechanical engineers, the electrical engi- 
neers, the architects, the naval architects and marine engineers, 
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the engineers in the army and the navy and there are the chemists 
the electrochemists and others. In general, each knows that 
other societies exist, and they are mutually respectful, but there 
is some suspicion here and there that the others are a little too 
exclusive or that they are a bit jealous. These are the murmur- 
ings of littleness, not of largeness. 

The several engineering professions, like the constituent States, 
have their representative bodies, their legislatures, but why 
should there not be an engineering congress as well? Why nota 
national representative body, to stand for the profession of 
engineering as a whole to promote a harmonious codperation 
which will strengthen each and elevate all? 

An incident of the past year is an auspicious omen. Four 
great societies have codperated; they have taken a step which 
will bring recognition to the deserving individual and credit to 
the engineering profession. They have founded a medal; and 
at a recent magnificent dinner they have announced the award 
of the first John Fritz medal to the venerable man who has just 
spoken, John Fritz himself. But not less significant than even 
the medal is the discovery, that the societies can work together, 
and that by doing so they can accomplish worthy ends. 

In the vision of the future may we not discern a reflection of 
the John Fritz medal in the larger life of the twentieth century 
engineer? Methinks I see in that reflection the outlines of a 
magnificent building, the Capitol of American Engineering, 
Into this home, situated in the metropolis of the nation, are 
gathered the great engineering societies from their scattered 
lodgings. Here is a great technical library; here are ample 
assembly halls and comfortable parlors; here are the headquar- 
ters of a score of lessor societies restricted in their scope but 
affiliated in their work. I see all over the country innumerable 
local sociteies and engineering clubs, no longer isolated but joined 
together into one great combination. I see them affiliated with 
the national bodies of the several professions—sometimes as 
local chapters—altogether constituting one great union. There 
is individual freedom but general codperation. Representing 
all the engineering professions and supported by the great union 
of the national engineering societies, I see an engineering congress 
giving to engineers a rank consistent with the importance of their 
work, and increasing the efficiency of the inter-relations among 
its members. An eminent body, it is powerful in advancing the 
common interests of engineers, and it represents the engineering 
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profession in its relation to other professions, to pure science, to 
education, to legislation, to public improvements and to the 
general welfare. 

Years ago engineers were individuals of trivial consequence 
compared with men in the learned professions. Now they, too, 
form a profession of recognized importance. But as yet the 
national societies of this profession, which has made the nine- 
teenth century an era in the world’s history, which has provided 
the means for the production of unmeasured wealth, and which 
promises yet greater things for the future, have not even ade- 
quate homes of theirown. Within the present week the Society 
of Mechanical Engineers, which has a little house of its own, 
found it so very little that it was forced to hold its meetings in a 
large room in a nearby tavern, although there were present men 
through whose work hundreds of millions have been added to the 
wealth of this country, and their present efforts are to increase 
the efficiency of the future. Isthis right? Isit just? 

But may not the fault lie somewhat with the engineers them- 
selves? Have they fully recognized.their own strength and 
importance? Have they shown a disposition to act together to 
do large work in a large way? Have they given promise that 
they would use the enlarged facilities in such a way as to increase 
the efficiency of engineering work? 

The men who are mastering the powers of nature will yet rise 
in the strength of united effort to meet the increasing responsi- 
bilities of the coming years. For it is theirs to build the founda- 
tion of the new civilization; it is theirs to establish that material 
prosperity which is the underlying condition of broader, higher 
and fuller life. 

The end of engineering is usefulness; the characteristic of 
America is activity; the modern method is codperation. As 
engineers of the twentieth century, let us be useful; let us be 
active; let us cooperate. 
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AP AMS, Som 1007, New England Bldg,, Cleveland, 0. Jan. 28, 1908 
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eee ee moran ye Wasata Pals NYoo jan 34, 1902 
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APPLER, GRAFTON WALL, Northern Calitornia Power Co., Redding, Cal 
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Avpt, Caru B., Engineer, British Westinghouse Elec. & Mfg. Co., Ltd., 
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Ayres, ALBERT. Doane, Keokuk Electric Railway Co., 421 Main St., 
Keokuk, Iowa. Feb. 28, 1902 
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BADEAU, CHARLES CUSHING, Cutler-Hammer Mfg. Co., 319 Frick Building, 
Pittsburg, Pa. Apr. 25, 1902 
BapeEau, Isaac F., General Electric Co.; res., 144 Lafayette St., Schenec- 
tads7, Niwyi. Feb. 26. 1896 
Baeur, Georce. Chief Electrician, Nat. Tube Co.; res., 516 Willow Ave., 
McKeesport, Pa. Jan. 23, 1903 


BaEuR, WILLIAM ALFRED, Engineer, Laclede Gas Light Co., St. Louis, Mo. 
Feb. 27, 1963 
BauHNSON, FREDERIC FRIES, Chief Engineer, Florida East Hotel Co., 


Nassau, N. P., Bahamas. Apr. 23, 1903 
BaILey, CLrirrorD DeExTER, Student, Polytechnic Institute; res., 861 
Carroll St., Brooklyn, N. Y. Mar. 27, 1903 
BaiLey, LEon W., Electrical Engineer, Reliance Electric Co.; res., 2815 
Brown St., Milwaukee, Wis. Sep. 27, 1901 
Baivey, THeo. P., Assistant Manager, Chicago Office, General Electric 
Co., 1047 Monadnock Building, Chicago, II. Apr. 25, 1902 
BaInTON, JOHN RicHarp, Consulting Engineer, Standard Electric Eleva- 
tor Co., Equitable Bldg., Sydney, N.S. W. Oct. 24, 1902 
Baker, ArtTuHuR O., Superintendent, Wichita Gas, Electric Light and 
Power Co., Wichita, Kan. July 26, 1900 
Baker, JOSEPH B., Consulting Electrical Engineer, 161 Summer St., Bos- 
ton, Mass. Sep 27, 1901 
BAKER, WILLIAM Epcar, W. E. Baker & Co., Engineers, 170 Broadway, 
New York City. June 28, 1901 
BaLpwin, CHarLEs Fow ter, Chief Engineer Bell Telephone Mfg. Co., 
18 Rue Bondewyns, Antwerp, Belgium. Oct. 23, 1903 
BaLpwiNn, GeorceE Portrr, John Martin & Co., 511 Douglass Building, 
Los Angeles, Cal. “Nov. 23, 1900 
Batpwin, Jas. C. T., American Telephone and Telegraph Co., 125 Milk 
St.; res., Chestnut Hill Ave., Boston, Mass. Apr. 17, 1895 
Baxrour, REGINALD, Asst. Operating Supt., Lachine Rapids Hydraulic 
and Land Co., 160 McCord St., Montreal, P. Q. Mar. 27, 1903 
Batt, Henry Price, Electrical Engineer, General Electric Co., Schenec- 
tady, N Y. May 21, 1901 
Batt, Wo. D., Consulting Engineer, 1105 Merchants Loan and Trust Bldg. 
135 Adams St., Chicago, II. Nov. 20, 1895 
BaLLaRD, FreperRiIcK Wayne, Consulting Engineer, 100 Canal St.; 
res., 52 Wallingford Court, Cleveland, Ohio. Feb. 27, 1903 
Batiou, WARREN JAMES, Electrician, Woonsocket Elec. Machine & Power 
Co., Station No. 2, Woonsocket, R. I. Nov. 23, 1800 
BatsLey, Ane, Engineering Department, Georgia Railway & Electric 
Co., Atlanta, Ga. Oct 2ia leo 


BaMBER, WILLIAM CHILD, Electrical Engineer Rapid Transit Sub 
Construction Co., 18 Park Row, New Yerk City. Get 25. 1v01 
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Bancrort, Cuas. F., Electrical Engineer, General Electric Company, 


84 State St., Boston, Mass. Dec. 18, 1895 
Bans, Cuas. R., Special Agent, American Telephone and Telegraph Co. 
15 Dey St., New York City. Jan. 26, 1898 
Banks, Witiiam C., Consulting Electrical Engineer, Smith Building, 
148th St. & 3d Ave., N. Y. City. May 18, 1897 


Barciay, Joun C., Asst. General Manager, Western Union Telegraph Co., 
195 Broadway; res., Hotel Empire, New York City. Apr. 23, 1903 


BARKER, ARTHUR E., Secretary Dean Electric Co., Elyria, Ohio. 


Mar. 27, 1903 

Barker, JAMES EpmuND, Electrical Engineer, Pacific Electric Railway» 
Co., Los Angeles; res., Pasadena, Cal. Apr. 28, 19038 
BarKeER, RALPH Emerson, Assistant Electrical Engineer, General Elec- 
tric Co.; res., 24 Chase St., Lynn, Mass May 19, 1903 
Barnay, JOHN Martin, Designer, McCormick Division International 
Harvester Co., Chicago, IIl. Apr. 23, 1963 
Barnes, Epwarp A., Electrical Expert, Fort Wayne Electric Co., Fort 
Wayne, Ind. Sep. 20, 1893 
Barnes, Howety Henry, Enginecr, Stanley Electric Mfg. Co.; res., 
Beech Grove Inn, Pittsfield, Mass. Feb. 28, 1900 
BaRNES, WALTER CLYMER, Supt. of Electrical Construction, Interbor- 
ough Rapid Transit Co., New York City. Nov. 20, 1903 


BARNES, WILLARD J., Electrician, The Duncan Co., Mechanicsville, N. Y. 
June 19, 1903 


BarRNEtTT, Cart P., Draftsman and Engineer, with S. & S. Packing Co., 


Osage and Adams Sts., Kansas City, Kansas. Jan. 25, 1901 
Barnum, Tuomas Epson, Assistant Chief Engineer, Cutler-Hammer 
Mfg., 648 34th St., Milwaukee, Wis. Nov. 20, 1903 
Baron, Max D., Electrical Engineer and Contractor, 125 East 23d St.; 
tes., 61 E. 75th St., New York City. Mar. 28, 1900 

Barr, Frank ApeELButT, Manager and Electrician, Fries Mfg. and Power 
Co., Winston-Salem, N. C. Jan. 9, 1901 

Barr, FREDERIC CrossGROVE, Electrician, The Colorado Telephone Co., 
_ 1447 Lawrence St., Denver, Colo. ; Mar. 27, 1903 
Barr, Joun B., Electrical Engineer, General Electric Co., 44 Broad St., 
New York City. Apr. 25, 1900 
Barry, CHARLES Epwarp, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Sept. 25, 1903 
Barry, Davin, Electrician and Superintendent, Amherst Gas Co., Am- 
herst, Mass. Aug. 5, 1896 


Barry, Joun G., General Electric Co., Schenectady, N. Y. Apr. 23, 1903 


Barton, Epwarp Gustavus CAMPBELL, Managing Director, Brisbane 
Electric Supply Co., Ltd., Brisbane, Queensland. Oct. 23, 1903 


Barton, Enos M., President Western Electric Co., 259 So. Clinton St., 


Chicago, II. July 12, 1887 
Bates, Freperick C., Electrical Engineer, General Electric Co., 44 Broad 
St., New York City. Jan. 20, 1891 
Bares, Putnam A., Assistant Secretary, Crocker-Wheeler Co., Ampere, 
N. J.; res., 113 W. 72d St., New York City. Jan. 20, 1897 
Barrtey, Pau. Leon, Electrical Engineer, Arnold Electric Power Station 
Co., 1539 Marquette Building, Chicago, Ill. Dec. 19, 1902 
Baucuer, E. C., Resident Engineer, Westinghouse Elec. & Mfg. Co., c,o 
‘Takata & Cc.; Tokio, Japan. Nov. 22, 1899 


B . Frank Georce, Asst. Electrical Engineer, California Gas & Elec-: 
a a te ceoric., 624 Rialto Bldg., San Francisco, Cal. Nov. 22, 1899 
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Bavuscu, FREDERICK Emit, Manager, Hooven, Owens Rentschler Co., 


1416 Chemical Building, St. Louis. Mo. June 28, 1901 
BayLey, Guy Lynrigip, Manager Engineering Department, The American 
Trading Co., Yokohama, Japan. Feb. 28, 1901 
Baytis, James Apams, Electrical Engineer, The Bell Telephone Co., 
Montreal, P. Q. Sep. 26, 1902 
Bayne, Howarp. Assistant to Dr. M. I. Pupin, Columbia University, 
New York City. Sep. 27, 1901 
Beacu, Ratpu Hamitton, General Electric Co., 44 Broad St., New York 
City. Apr. 23, 1903 

Beat, THappEvus R., General Manager, Poughkeepsie Light, Heat and 
Power Co., Poughkeepsie, N. Y. Mar. 27, 1903 
Beam, Ermer E., Electrical Engineer, 62 Public Square, Cleveland, Ohio. 
Oct. 23, 1903 

Bream, Victor SHAEFFFR. Electrical Engineer, 92 N. 15th St., East 
Orange, N. J. Oct. 24, 1902 

Bean, Horace Dow, Whitney Elect. Inst. Co.; res., 41 High St., Pena- 
cook, N. H. Jan. 23, 1903 


Bean, Harry Jogt, Electrical Engineer, Department of Electricity of 
San Francisco; res,. Alameda Ave., £a1 Jose, Cal. July 28, 1903 


Beatty, SAMUEL ROBERT, Assistant Chief Operator, Western Union 
Telegraph Co.; res., 657 Pear] St., Denver, Colo. Mar. 27, 1903 


Beattys, WILLIAM HEnrRyY, JR., Chicago Representative, The Cutler-Ham- 
; mer Mfg. Co, 1232 Monadnock Block, Chicago. May 19, 1903 


Beaucuamp, Leon, Manager and Electrical Engineer, Standard Construc- 


tion Co., Montreal, Que. Oct. 23, 1903 
Beaumont, Cuas. W., [Address unknown]. Jan. 9, 1901 
BECKSTRAND, Extras Hyrum, Instructor, Engineering Department Uni- 

versity of Utah, Salt Lake City, Utah. Apr. 23, 1903 


BEDELL, CHARLES Hampton, Head of Laboratory, Electro-Dynamic Co., 
224 Ionic St., Philadelphia; res., Swarthmore, Pa. May 19, 1903 
BEDELL, RAYNER Monroe, 20 North Mountain Ave., Montclair, N. J. 


Feb. 27, 1903 

Bee, WitiiAM G., Supt. Auto Battery Dept., Edison Storage Battery 
Co.; res., 875 Bloo nfield Ave., Glen Ridge, N. J. Apr. 23, 1903 
BersBeE, Murray C., Chemist, Nernst Lamp Co.; res., Amber Club, Pitts- 
burg, Pa. Jan. 26, 1898 
Betpon, Davin W , Electrical Engineer and General Superintendent, Th.. 
Phoenix Light & Fuel Co., Phoenix, Arizona. Sept. 26, 1902 


Bett, Atonzo C., Owner and Manager, Bell Electric Motor Co., 197 
Wooster St.; res., 83 E. 116th St. New York City. Sep. 27, 1901 


BEL, Ora A., Electrical Engineer, Western Electric Co., 463 West St., 
New York; res. 352 W. 117th St., New York City. Aug 5, 1896 


BELLMAN JOHN JaAcos, President, Bellman & Sanford, 14 Church St., New 


York City. Dec. 28, 1898 
BetnaP, La Monte J., istrict Engineer, Bullock Electric Mfg. Co., 402 
Merchants Bank Building, Montreal, P. Q. Apr. 23, 1903 
BreNECKE. ADELBERT O., Weston Electrical Instrument Co., Waverley 
Park, N, J.; res., Vailsburgh, N. J. Sep. 26, 1902 
Beucier, Hucnu M., Supt. Motive Power, Elmira Water, Light & R. R. 
Co.; res., 620 Madison Ave., Elmira, N. Y. Jan. 23, 1903 
BENJAMIN, EpGAR Bryant, Assistant Engineer, Ideal Electric Contracti 
Co.; res., 409 E. 64th St., New York City. Apr. 23, 1903 


Bennett, Epwarn, Electrical Engineer, Nernst Lamp Co.; res., Amber 


Club, 260 Shady Ave., Pittsburg, Pa. 
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BENNETT, Epwin H., Jr.,-Electrician and Engineer, Diehl & Co., Eliza- 
bethport, N. J., res., 19 W. 33d St., Bayonne, N. J. June 20, 1894 
BENNETT, JOHN C., Electrician, General Electric Co., 44 Broad St., New 


York City. Mar. 18, 1890 
BENNETT, Ratpnu, Chief Draughtsman, Edison Electric Co., Los Angeles, 
Cal. Oct. 23, 1903 


BENNETT, WILLARD S., Engineering Department, The S. S$. White Dental 
Mfg. Co., 5 Union Square, West, New York City. Oct. 25, 1901 
BENOLIEL, Sov. D., B.S., H.E., A.M., General Manager, Roberts Chemical 


Co., Niagara Falls, N. Y. Oct. 21, 1896 
BENTLEY, Epwarp M., Patent Attorney and Expert, 5 Beekman St., New 
York City. May 21, 1901 


BeEnTLEY, Merton H., Electrical Engineer, International Teleph. Mig. Co., 
Chicago; res., 221 N. Scoville Ave., Oak Park, Il. Oct. 18, 1893 


BENTLEY, WILTON, Superintendent Teleph. Switchboard Installation Wes- 
tern Electric Co., 259 So. Clinton St., Chicago, Ill. July 28,1903 


BERAN, THEODORE, Manager, New York Supply Department, General 
Electric Co., 44 Broad St., New York City. July 25, 1902 
Bere, Esxit, Electrical Engineer, General Electric Co., Schenectady, 
Ne j Nov. 20, 1895 
Berc, Georce Hewes, District Manager, Bullock Electric Mfg. Co., 262 


Washington St., Boston; res., Medford, Mass. Apr.. 23, 1903 
Bere, Max A., Secretary, Porter & Berg, 309 Dearborn St., Chicago, IIl. 
May 19, 1903 


BercEN, Francis Patrick, Inspector, Western District, Commonwealth 
Electric Co., 1094 W. Madison St., Chicago, Ill. June 19, 1903 


BERGEN, Otro, Engineer, Daly Reduction Co., Hedley, B. C 


Apr. 23, 1903 

BERGENTHAL, Victor W., Western Sales Engineer, The Stanley Electric 
Mfg. Co., 15 Monadnock Block, Chicago, Il. Jan. 9, 1901 
BERNAYS, CHARLES Epwin, Overland Representative. Noyes Bros., 45 
Adelaide St., Brisbane, Queensland. Dec. 18, 1903 
BERRESFORD, ARTHUR W., B.S., M.E., Supt., The Cutler-Hammer Mfg. 
Co., 12th St. and St. Paul Ave. Milwaukee, Wis. May 15, 1894 
Berry, A. Haru, General Manager, F. H. Lovell & Co., 100 William St., 
New York City; res., Montclair, N. J. May 20, 1902 
Berry, Epcar Henry, Electrical Engineer, C. W. Hunt Co.; res., 2d St, 
near York Ave., New Brighton, N. Y. Apr. 28, 1903 
Bessey, CARL ATHEARN, Draughtsman, General Electric Co.; res., 1219 
~ State St., Schenectady, N. Y. May 19, 1903 
Bessey, Epwarp ATHEARN, Engineer, Stanley Electric and Mfg. Co., 
Pittsfield, Mass. July 28, 1903 


BETHELL, FRANK Hopkins, Contract Agent New York Telephone Co., 15 
Dey St.; res., 839 West End Ave., New York City. Mar. 27, 1903 


Betuett, U. N., General Manager, The New York Telephone Co., 15 Dey 


St., New York City. Jan. 17, 1894 
Berts, Hopart D., E.E., Room 517, 141 Broadway, New York City; res., 
Englewood, N. J. Aug. 5, 1896 
BEVENUE-MILLER, Epwin Davin, Electrical and Mechanical Assistant, 
Kilburn & Co., 4 Fairlie Pl., Calcutta, E. India. Mar. 28, 1902 
BEVERIDGE, EpMuND WALTER, Assistant Engineer, P. W. D. Ghar Canals, 
Larkhana, Sind. India. Jan. 24, 1900 
BispBins, JAMES ROWLAND, Technical Edicor, Westinghouse Co’s Pub. 
Dept., Pittsburg, Pa. Dec. 19, 1902 
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BIcKNELL, Dana Epwin, Assistant in Inspection Dept., Western Electric 


Co., 57 Betnune St.; res., Lyndhurst, N. J. June 28, 1901 
Bippe, James G., Electrical and Scientific Instruments, Stephen Girard 
Bldg., Philadelphia; res., Wallingford, Pa. Aug. 5, 1896 
BieseL, HerMAN Matruews, Designing Electrical Engineer, Western 
Electric Co., Chicago, Ill. Apr. 23, 1903 
Byur, Josepu, A. B., President & Manager General Storage Co., 29 
[Life Member.] Sullivan St., New York City. May 15, 1894 


BINDEMANN, Harry Otto FrerDINAND, Electrical Engineer Union Elec- 
tricitats Gessellchaft, 43 Dorotheen Str., Berlin, Ger. Jan. 24, 1902 


Brincay, Rosert V., Pittsburg Transformer Co., Pittsburg, Pa. 


Dec. 18, 1903 
Bircu, ArtHuR Knope, Sales Department, Bullock Electric Mfg. Co. 
Cincinnati, Ohio. Feb. 27, 1908 
Birp, WitiiaM Lister, The Lachine Rapids Hydraulic and Land Co., 
Ltd., 160 McCord St., Montreal, P. Q. Mar. 27, 1903 
BisHop, FREDERICK LENDALL, Head of Department of Physics, Bradlcy 
Institute, Peoria, Ill. Mar. 27, 1903 
BIssELL, FREDERICK, President, The F. Bissell Co., 226 Huron St., Toledo, 
Ohio. Feb. 27, 1903 - 
BIssELL, GEORGE WELTON, Professor of Mechanical Engineering, The 
lowa State College, Ames, Iowa. Apr. 23, 1903 
Bissinc, WiLu1aM F., Electrical Engineer and Patent Attorney, Kenyon 
& Kenyon, 49 Wall St., New York City Jan. 23, 1903 
Brack, Cuas. N., Ford, Bacon & Davis, 149 Broadway; res., 43 E. 57th 
St., New York City. Apr. 19, 1890 
Brack, Howarp D., With Blackall & Baldwin, 39 Cortlandt St.; res., 340 
Manhattan Ave., New York, N. Y. _ Sep. 15, 1897 
Brack, Rosert Given, Electrical Engineer, Toronto Electric Light Co., 
Toronto, Ont. May 21, 1901 
Brack, Roy Harry, Student, Cornell University, Ithaca, N. Y.; res., 441 
East Santa Clara St., San Jose, Cal. July 28, 1903 
Brack, SAMUEL Duncan, Electrical Engineer, The Rowland Telegraphic 
Co., Baltimore; res., White Hall, Md. Mar. 27, 1903 
BLACKALL, FREDERICK S., 39 Cortlandt St.; res., 51 Manhattan Ave., 
New York. Sep. 15, 1897 


BLacKwELl, HENRY FieEtp, Electrical Engineer, Dept. of Water Supply, 
etc.; res., 18 Morningside Ave., New York City. Sept. 25, 1903 


BLACKWELL, Howarp Lang, Assistant in Physics, Harvard University, 
34 Thayer Hall, Cambridge, Mass. Jan. 24, 1902 


Bvake, Epwin TyLer, 2235 Piedmont Way, Berkeley, Cal. May 19, 1903 
Buake, Henry M., Superintendent, The Jenkintown Light Co., Wyncote, 

Pa. July 28, 1903 
BuakE, Henry W., Editor, Street Railway Fournal, 114 Liberty St., New 


York City. Nov. 13, 1888 
Brake, S. Henry, Engineer of Arc Lighting, General Incandescent Are 
Light Co., Pittsfield, Mass. April 23, 1903 


BuaKkeE, THEODORE W., Electrical Engineer, Goodyear Insulating Co., 
1955 Park Ave.; res., Engineers Club, New York. Sept. 20, 1893 
Biakemore, Maurice NEVILLE, Electrical Engineer, with Westinghouse 
E. & M. Co., Pittsburg; res., Wilkinsburg, Pa. Jan. 25, 1901 
BLaKESLEE, Henry JONES, Electrical Inspector, Hartford Board of Fire 
Underwriters; res., 791 Park St., Hartford, Conn. Aug. 22, i902 
rere Cuar-Es M., Union League, Philadelphia, Pa. Sep. 19, 1894 
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Brancx, Wititam A., Electrical Engineer, Arnold Electric Power Station 


Co., 1539 Marquette Building, Chicago, Ill. Apr.. 23, 1903 
BLeEo, WILLIAM ERICSON, Inspector Elec. Dept. Dist. of Columbia; res., 
464 Louisiana Ave., Washington, D. C. Jan. 23, 1903 
Buiss, Donatp McQuEsen, Electrical Engineer and Superintendent, The 
Holtzer-Cabot Electric Co., Brookline, Mass. June 19, 1903 
Buiss, Louts Denton, Principal Bliss Electrical School, 614 12th Street 
Washington, D. C. July 12, 1900 
Buss, WitiiaM L., B.S.,M1.11.E., President, Bliss Electric Car Lighting 
Co., 138 Front St., New York City. Mar. 21, 1894 


BLIZARD, CHARLES, Manager Sales Department Electric Storage Battery 
Co., 19th St. and Allegheny Ave., Philadelphia. Nov. 21, 1894 


Bioop, GROSVENOR TaRBELL, Electrical Engineer, The American Tele- 
phone and Telegraph Co., 125 Milk St., Boston, Mass.Mar. 27, 1963 
Bossom, Francis, Sanderson & Porter, 52 William St., New York City. 
, July 25, 1902 
Buunt, Witiiam W., Assistant Manager, British Westinghouse Electric 
and Mfg. Co., Ltd., Westinghouse Bldg., London. Dec. 16, 1896 
Boeri. ALBERT P., Chief Inspector, Engineering Dept., The N. Y.&N. J. 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Dec. 18, 1903 
Bocen, Louis E. (Local Secretary), Engineering Department, Bullock 
Electric Mfg. Co., Avondale, Cincinnati, O. _ May 16, 1899 
Bocuse, Cuares J., Mfr. of Search Lights and High Candle Power Fo- 
cussing Arc Lamps, 213 Centre St., New York City. Dec. 8, 1889 
Bouan, Tuomas V., Local Engineer, General Electric Co., 226 S. 11th St.; 


res., 501 N. 40th.St., Philadelphia, Pa. Aug. 5, 1899 
Boies, FRANK G., Business Mgr., Casster’s Magazine, 3 West 29th St., 
New York City. May 21, 1901 


BonineE, CHARLES Epwarb, Chief Draughtsman and Asst. Supt. Electro- 
Dynamic Co.; res., 909 N. 43d St., Philadelphia, Pa. June 19, 1903 


Bonney, RoBeRT BripGe, Wire Chief, The Colorado Telephone Co., 1447 


Lawrence St., Denver, Colo. . Mar. 27, 1903 
Bootu, WiL1L1AM THomas, Draughtsman,The Lambert Schmidt Telephone 
Mfg. Co., 35 Maple St., Weehawken, N. J. June 19, 1903 


BorTENLANGER, JOSEPH A., 1614 Farnam St., Omaha, Neb. 
June 19, 1903 


Boucut, Witt Forest, Order Clerk, Production Department, Bullock 


Electric Mfg. Co., Norwood, Ohio. g Mar. 27, 1903 
BowbeEn, Zotiy Massy, Mulberry, Fla. Sept. 25, 1903 
Bowie, Aucustus JEssE, JR., Engineet, Electrical Dept. Union Iron Wks; 

-res., 915 Hyde St., San Francisco, Cal. May 15, 1500 

, osEpuH H., Chief Engineer, Pan-American R. R., Tonala, 
Bee Mexico. : : May 16, 1899 
Boyp, Joun Duncan, Electrician, Palo Alto, Cal. Feb. 28, 1900 
Bover, FRANK N., Manager Supply Department, General Electric Co.; 

res., 3805 Wabash Ave., Chicago, Ill. June me tes 

yron B., Professor of Electrical Engineering, Clarkson 
ees Technology; Potsdam, N. Y. Nov. 30, 1897 
BRACKETT, Pror. Cyrus F., Princeton, N. J. Apr. 15, 1889 


BrappveE.tt, ALFRED E., Electrical Inspector, Underwriters Assn., Mid- 
= dle Department, 316 Walnut St., Philadelphia, Pa. Sep. 1, 1890 
BrapDFIELD, Wittiam WALTER, Chief Electrical Engineer, Marconi Wire- 


., of A ica, 27 William St., New York City. 
less Telegraph Co., of Americ ies eahs 
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BRADLEY, Atonzo B., Student Columbia University; res., 111 West 86th ¢ 
St., New York City. 2 Aug. 22, 1902 
Brapy, Nicuoras F., Treasurer, The N. Y. Edison Co., 57 Duane St., New 
York City. May 21, 19C1 
Brapy, Pav T., Manager Central, N. Y. Agency, Westinghouse Electric 
and Mfg. Co., Syracuse, Na Ye July 12, 1887 
Braca, Epuarpo, JR., Juiz de Fora Minas, Brazil, South America. 
Feb. 27, 1903 


Brace, CHartes A., Manager, Philadelphia Agency, Westinghouse Elec- 
tric and Mfg. Co., 708 Land Title Blg.Philadelphia, Pa. Sep. 20, 1893 
BRANDAO, JULIO VIVEIROS, C.E., Rua Barao do Flamengo 8, Rio de 
Janeiro, Brazil, 5S. A. Jan. 25, 1901 
BRANDEIS, CHARLES, Consulting Electrical and Mechanical Engineer, 
112 St. James 5t., Montreal, P. Q. Mar. 27, 1903 
BRATNEY, JOHN FREDERICK, Assistant Engineer, Bell Telephone Co., of 
Mo., Telephone Building, St. Louis, Mo. Dec. 18, 1903 


Braun, CuristiAN Epwarp, Draughtsman, Western Electric Co., New 
York City; res., 318 Classon Ave., Brooklyn, N. ¥. Sep. 27, 1901 


Bray, Cuartes Ayers, Electrical Engineer, General Electric Co., Sche- 


nectady, N. Y. May 19, 1903 
Braysuaw, J., Telegraph Superintendent Great Southern Railway, City 
of Buenos Aires, A. R. Aug. 5, 1896 
Breck, CHESNEY YALES, Superintendent, Telluride Electric Light Co., 
Telluride, Colo. July 28, 1903 


Breese&, CHARLES PARKER, 180 Broadway,'New York City. Mar. 27, 1903 
Brett, James A., Director and General Manager, Electrical Installation 


Co., 1517 Monadnock Building, Chicago, Ill. Apr. 23, 1903 
BREWSTER, WALTER Scort, Electrician, Standard Underground Cable 
Co.; res., 65 Kearney Ave., Perth Amboy, N. J. Apr. 26, 1901 
BripGMAN, GREENVILLE TEMPLE, General Electric Co., Schenectady, 
NEO Ye Dec. 18, 1903 


Brigsen, Haroxp V., Engineering Department, American Telephone and 
Telegraph Co., 22 Thames St., New York City. June 28, 1901 


Bricut, GRAHAM, Designer Nernst Lamp Co.; res., 127 Roup St., Pitts- 


‘burg, Pa. - May 19, 1902 
BriGHTMAN, Cart Gorpon, Electrical Engineer,Old Colony Street Railway 
Co., 147 Milk St.; res., Dorchester, Mass. Apr. 23, 19038 


BrisLEy, Epwarp Betts, Interborough Rapid Transit Co , Power House 
59th St. and N.R.; res., 102 W. 75th St., New York. Apr. 25, 1902 


BrixEey, W. R., Proprietor and Manufacturer, Day’s Kerite Wire ang 


Cables, 203 Broadway, New York City. Sep. 20, 1893 
Broapuurst, WM, CHANNING, Student Brooklyn Polytechnic Institute; 
res., 320 Green Ave., Brooklyn, N. Y. Aug. 225 1902 


Broicn, Josern, Superintendent and Electrician, with F. Pearce, 18 Rose 
St., New York; res., 1622 8th Ave., Brooklyn, N. Y. Jan. 17, 1894 
Brooke, Irvinc Emerson, Draftsman, Chicago Edison Co., 139 Adams 


St.; res., 551 Jackson Boulevard, Chicago, II. Sept. 25, 1903 
Brooke, JAMES Ditton, Electrical Engineer, Nernst Lamp Co., Pittsburg 
Pa. Oct. 23, 1903 
Brooxe, Ropert THoMAS, Jr., Special Student in Electrical Testing De- 
partment, General Electric Co., Lynn, Mass. Apr. 23, 1963 
Brooks, FRANK HarRISON, General Manager, Vicksburg R. R. Power and 
Mfg. Co., Vicksburg, Miss. Feb. 27, 1903 


Brooks, Louis C., Electrical Aid to Superintending Naval C 
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Brooks, Orton, Manager Electric Engineering Dept., Heald’s School 


of Mines and Engineering, San Francisco, Cal. Feb 71908 
Bropuy, WIt.iam, Consulting Electrical Engineer, 17 Egleston St., 
Jamaica Plain, Mass. Mar. 5, 1889 
BROUGHTON, JAMES RussELL, Station Foreman, The Power Co., Provo, 
Utah. Apr. 23, 1903 
Brown, Paut K., Manufacturer’s Agent, W. O., 10th line 21, St. Peters- 
burg, Russia. Feb. 15, 1899 
Brown, ARTHUR JAMEs, Draughtsman, Bullock Electric Mfg. Co.;res., 
4913 Wesley St., Norwood, Ohio. Mar. 27, 1903 
Brown, Artuur Noster, The Sawyer-Man Electric Co., 510 W. 23d Sune 
res., 331 W.,23d St., New York City. Mar. 27, 1903 
Brown, CarDELLA Drake, Electrical Engineer, General Electrical Co., 
Windsor, Conn. Jan. 23, 1903 
Brown, Caritton Emerson, Assistant Works Engineer, The Canadian 
General Electric Co., Peterboro, Ont. Mar. 27, 1903 
Brown, Cuartes L., General Electrical Contractor, 312 Fisher Building, 
Chicago, Il. Nov. 20, 1895 
Brown, Dickson Queen, Director, Tidewater Oil Co., 12 Broadway; 
res., 160 W. 59th St., New York City. May 19, 1903 
Brown, Erziis Eucens, Electrical Engineer, Philadelphia and Reading 
Railway Co., 925 North 5th St.. Reading, Pa. May 16, 1899 
Brown, Frank ZeEnas, Consulting Electrical Engineer, Chamber of 
Commerce, Richmond, Va. ~ Sept. 25, 1903 
Brown, Garry Estep, Construction Department, Niagara Falls Power 
Co., Niagara Falls, N. Y. Sept. 25, 1903 


Brown, [Jarry Curtis, Draughtsman, Westinghouse. Electric & Mfg. 
Co., Pittsburg; res., 710 Pitt St., Wilkinsburg, Pa. Mar. 27, 1903 
~ Brown, Hucu Aucurncross, Electrical Engineer, Crocker-Wheeler ‘(Cow 


Old Colony Building, Chicago, Ill. Mar. 28, 1902 
Brown, Hucu Tuomas, Chief Engineer, Railways and Light Co., of 
America, Richmond, Va.; res., Columbia, Tenn. Jan. 26, 1902 
Brown, Joun Extuiort, Electrical Engineer, Consumers’ Electric Cox 
res., 53 Waverly St., Ottawa, Can. Mar. 27, 1903 
Brown, Rosert CaLtturop, Consulting Engineer, Toronto Ry. Co:; resg., 
St. George Apartments, Toronto, Ont. June 19, 1903 


Brown, Rosert G., Electrician,158 Montague St., Brooklyn,Oct. 25, 1901 
Brown, Sypney Wittiam, B.C. Elec. Ry. Co., Trout Lake near Van- 


couver, Bs’, May 19, 1903 
Brown, THEODORE J., Traveling Salesman, General Electric Co., 84 
5 State St., Ue Mass.; res., Portland, Maine. Apr. 23, 1903 
Brown, Watter Everette, Engineer N. Y. & N. J. Télephone Co.; 
res., 1178 Degraw St., Brooklyn, N. Y. May 20, 1902 
Brown, WarrREN Day, 79 Park Ave., New York City. Jan. 25, 1901 
Browne, Morton S., Consulting Engineer, Brown-Ryan Electric Co., 
27 Deshler Blk., Columbus, Ohio. Feb. 27, 1903 
Browne, Witiiam Hanp, Jr., Technical Editor, Electrical Review, 1003 
Park Row Building, New York City. Apr. 25, 1900 


Browne, Witiiam Henry, Treasurer, General Manager and Director, 
Stanley Instrument Co., Great Barrington, Mass. May 20, 1902 


BrusH, FREDERICK FarNnswortu, Engineer, Societie Francaise Sprague 


6 Rue de Madrid, Paris, France. : Feb. 28, 1901 
Bryant, WALpo Catvin, Manager, The Bryant Electrical Co., Bridge- 
port, Conn. May 19, 1903 
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Buck, Marion Estes, Superintendent, Generating Plant, The Power Co., 
Norris, Mont. Jan. 23, 1903 
Bucxe, Witiiam Avucustus, Agent Canadian General Electric Co., 14 
King St., East Toronto, Ont. Dec. 19, 1902 


Buckincuam, CHARLES L., Attorney and Counsellor-at-Law, Potter Build- 
ing, 38 Park Row, New York City. Apr. 15, 1884 


Buppy, Harry Joun, General Selling Agent, General Electric Co., 226 So. 
11th St.;.res., 1523 Arch St., Philadelphia, Pa. June 19, 1903 


Buti, Ropert WILSON, Electrical Engineer, The New Jersey Zinc Co., (of 
: Penn.), Palmerton, Pa. Mar. 22, 1901 


Butiarp, ALBERT Morrison, Engineering Dept., Western Electric Co.» 
463 West St., New York City. Mar. 27, 1903 


Buiiten, Dana Riptey, General Electric Co., 84 State St., Boston; 
res., Winthrop, Mass. Mar. 28, 1902 


Buttock, GrEorGE, President, Bullock Electric Mfg. Co.;_ res., 2915 
Vernon Pl., Cincinnati, Ohio. Feb. 27, 1903 


Bump, Mrvan Ray, Assistant Engineer and Draughtsman, 620 Langdon 
St., Madison, Wis. Mar. 27, 1903 


Bunce, THEODORE, D. President, The Storage Battery Supply Co., 239 
E. 27th St., New York City. May 20, 1890 


Bunker, ARTHUR CLIFFORD, Engineering Department, Stanley Electric 
Mfg. Co., 238 Crocker Building, San Francisco, Cal. Oct. 25, 1901 


Burpick, Irvinc Epwarp, Treasurer and Engineer; res., 146 W. 104th 


St., New York City. Oct. 24, 1900 
Burcess, Epwin M., General Superintendent, Colorado Telephone Co.; 
res., 150 W Ist Ave., Denver, Colo. June 19, 1903 
Burkett, Cuas. WATSON, Engineer, Wisconsin Telegraph Co., Milwaukee 
Wis. Aug. 23, 1899 
BuRKHOLDER, CHARLES IRVINE, Electrical Engineer, General Electric Co.; 
res., 108 Park Place, Schenectady, N. Y. Apr. 23, 1903. 
Burnett, Douctass, B.S., United Electric Light & Power Co., Balti- 
more, Md. Feb. 21, 1893 


Burnett, James Ausrey, Engineering Dept., Montreal Light, Heat 
and Power Co., N. Y. Life Building, Montreal, P.Q. Apr. 26, 1902 
Burnuam, GeorcE A., Electrical Engineer, American Thread Co., Willi- 
mantic, Conn. , Dec. 18, 1903 
Burns, OWEN C., Electrical Operator, Manhattan Railway Co., New 
York City; res., 422 Atlantic Ave., Brooklyn, N.Y. Mar. 27, 1903 
Burns, Wittr1aM Gipson, Electrical Engineer, with Jabez Burns & Sons, 


542 Greenwich St., New York City.. May 19, 1903 
Burritt, ALEXANDER Hamitton, Assistant Chief Draftsman, General 
Electric Co.; res., 27 Stephen St., Lynn, Mass. April 23, 1903 
Burroucus, Harris S., Consulting Electrical and Mechanical Engineer 
19 William St., New York City. Nov. 30, 1897 
BuRROWS, WILLIAM RussELL, Experimenter General Electric Co. 
Harrison; res., 86 Fourth Ave., Newark, N. J. Mar, 27, 1903 


Burscn, Wixx1aM Oscar, Assistant Foreman, Testing Department, Gen- 
eral Electric Co.; res., 5 City Hall Sq., Lynn, Mass. Apr. 23, 1903 
Burton, CHarLes GILLETTE, Christensen Engineering Co., 1020 Old 


Colony Building, Chicago, Ill. Feb. 28, 1902 
Burton, Frank VAIL, Bryant Electric Co., 142 State St.; res., 157 Cole- 

man St., Bridgeport, Conn. Mar. 28, 1902 
Burton, Paut G., Switchboard Dept., Western Electric Co.; 

Central Park, West, New York City, Nov. m0 1s0n 


Busu, ArtHuUR RICHMOND, Engineer, General Electric Co., 84 State St 
a Boston; res., 51 Lexington Ave., Cambridge, Mass. Apr. 23, 1903 
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BusHNngeELL, S. Morcan, Engineer, Chicago Edison Co:, 139 Adams Stee 


res., Hyde Park Hotel, Chicago, Ill. Feb. 27, 1903 
BUSHNELL, WINTHROP Grant, Salesman General Electric Co., New 
Haven, Conn. Mar. 27, 1903 
Butter, Henry Went, Engineer, Manhattan Railway Co.: res., 56 
E. 50th St., New York City. yan. 23, 1903 
‘BUTLER, JOHN Starr, Sales Agent, General Electric Co., 84 State St:; 
Boston; res., New Dorchester, Mass. Apr. 23, 1903 
BuTLerR, WIL.iam C., President, The Puget Sound Reduction Co., 
Everett, Washington. Mar. 21, 1893 
ButTERwortH, Irvin, President and General Manager, Denver Gas and 
Electric Co.; res., 405 17th St., Denver, Colo. Mar. 27,1903 
ButTeRwortu, Issac Netson, General Manager, Tri-City Electric Co.; 
res., 405 Brady St., Davenport, Iowa. - May 19, 1903 

Buys, ALBert, Electrical Engincer, Ovid Electric Co., Ovid, N. Y. 
Feb. 7, 1890 
Byrnes, Eucene A., Ph.D., Byrnes & Townsend Patent Lawyers, 1918 
F. St., N. W., Washington, D. C. May 21, 1901 
Byrns, Ropert A., Electrical Engineer, 120 Liberty St., New York 
City. Dec. 16, 1896 


Casot, Francis Extiort, Assistant Secy. and Electrician, Boston Board 
of Fire Underwriters, 55 Kilby St., Boston, Mass. Apr. 17, 1895 


CagBoT, SEwALt, Electrical Dept., New England Tel. & Tel. Co., 101 Milk 


St., Boston; res., High St., Brookline, Mass. Jan. 24, 1902 
Capy, LAWRENCE WHITTREDGE, Student, General Electric Co.;) res), 41 
Main St., Lynu, Mass. . Apr. 23, 1903 


CaLDERWOOD, HucH ALEXANDER, Electrical Inspector, Underwriters’ 
Association of the Middie Dept., Pittsburg, Pa. July 28, 1903 


CALDWELL, Epwarp, Importer and Dealer, Technical Books and Period- 
icals, 114 Liberty St., New York City. Jan. 20, 1891 


CaLpweELt, Error Lincoin, Department Superintendent, Edison Electric 
Illuminating Co., 3 Head Place,-Boston, Mass. Apr. 23, 1903 


CALDWELL, EuGENE Witsown, Electrical Engineer, 315 Fifth Ave.: res. 


20 E. 31st St., New York City. - Jan. 24, 1902 
Caiscu, JuLius C., Manager Buffalo Office, General Electric Co., Ellicott 
Square Building, Buffalo, N. Y. Dec. 19, 1902 
CatvertT, Ricuarp C. M., Chief Operator, Cauvery Power Scheme, 
Champion Reefs, Mysore State, India. Sept. 25, 1903 
CAMPBELL, EDWARD, Secretary and Treasurer, The Germania Electric 
Lamp Co., Harrison; res., East Orange, N. J. Mar. 27, 1903 


AMPBELL, GEORGE ASHLEY, Electrical Engineer, The American Tele- 
as phone and Tel. Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 


CAMPBELL, Henry ArtuuR, Electrician, Jamaica Electric Light & Power 
Co,, Ltd., 38 Harbor St., Kingston, Jamaica, W.I. Sept. 27, 1899 


oun A., Westinghouse Electric and Mfg. Co., Pittsburg, Pa. 
oulaecire ts . Z Jan. 23, 1903 


L, JosppH WiLLiAM, Canadian General Electric Co., Ltd., 14 
parade re E.; res., 92 Glen Road, Toronto, Ont. July 28. 1903 


CANFIELD, CHARLES Ernest, Electrical Engineer, Stanley Electric Mfg, 


Co,; res., 28 Hamlin St., Pittsfield, Mass. Aug. 22, 1902 
Be ee Co ietela, Macs eee. 21, 1803 
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Carin, Wi1tt1aM Henry, Electrical Engineer, H. Eckstein & Co., Johan- 
nesburg, S. A. Sept. 25, 1903 


CARLTON, WILLARD GILBERT, Assistant to Chief Operating Engineer, 
Chicago Edison Co., 139 Adams St., Chicago, Ill. Oct. 25, 1901 
CARNAGHAN, E. D.; M.E., Ventanas Consolidated Mining and Milling Co., 
Villa Corona, Do. Mexico. July 26, 1900 
CARPENTER; Cuas. E., Vice-President, Carpenter Enclosed Resistance Co., 
79 E. 130th St., New York City. Aug. 5, 1896 
CARPENTER, Henry CANNON, Assistant in Engineering Department N.Y. 
Telephone Co.; res., 113 E. 69th St., New York City. Oct. 25, 1901 
CARPENTER, Huspert VENTON, Professor of Mechanical Engineering, 
Washington Agricultural College, Pullman, Wash. Feb. 27, 1903 
Carr, Joun Hersert, Chief Electrician, Arnold Print Works, North 


Adams, Mass. Dec. 18, 1903 
CarTEeR, FREDERICK WituiaMm, M.A., British Thomson-Houston Coz; 
Ltd., Rugby, Eng. Sept. 28, 1898 
CARTWRIGHT, CRELLIN, Tester, General Electric Co.; res., 773 State St., 
Schenectady, N. Y. Dec. 18, 1908 


Case, WILLARD E., 196 West Genesee St., Auburn, N. Y. Feb. 7, 1888 
Case, Wirt1am Meranctnan, Manager and Superintendent, Queen City 


Electric Light and Power Co., Clarksville, Tenn. Mar. 27, 1903 
Cassipy, Joun, Superintendent Mutual Telephone Co., Honolulu, Ha- 
waiian Islands, U.S. A. Nov. 238, 1898 
Cecit, THomas, Chief Electrician, New York Herald, Broadway and 35th 
St., res., 23 Manhattan Ave., New York City. April 23, 1903 
Cuace, Patt Griswotp, Electrical Engineer, D. H. Burnham & Co., The 
Rookery; res., 5740 Rosalie Ct., Chicago, Ill. ~ Mar. 27, 1903 
Cuace, Wittiam Grecory, Electrical Engineer, Mitchell & Jackson, 
Niagara Falls; res., St. Catharines, Ont. Oct. 23, 1903 
CHALMERS, CHARLES HEnrRy, Vice-President and General Manager, Elec- 
tric Machinery Co., Minneapolis, Minn. Feb. 27, 1903 
CHAMBERLAIN, AARON FRANKLIN, Westinghouse Electric and Mfg. Co.; 
708 Land Title Building, Philadelphia, Pa. Dec. 19, 1902 
CHAMBERS, FRANK Ross, JR., Draftsman, with E. W. Cummings, 70 
Dexter Horton Buildings, Seattle, Wash. Oct. 23, 1903 
Cuapman, A. Wricut, 160 Hicks St., Brooklyn, N. Y. Mar. 25, 1896 


CHAPPELL, WatTER E., Engineer, British Westinghouse Electric & Mfg. 
[Life Member.] Co., Ltd., Trafford Park, Manchester, Eng. May 16, 1899 
CHASE, CHARLES ALBERT, Assistant Engineer, General Electric Co., 84 
State St., Boston; res., Dorchester, Mass. Apr. 23, 1903 
DE CHATELAIN, MrkatL ANDREJEVITCH, Professor of Electrical Engineer- 
ing, Wasily Ostrow, 10 line No. 5, St. Petersburg. Nov. 23, 1900 
CHEEVER, Markuam, Engineering Department, The Ontario, Power Co.; 
res., The Alexandria, Niagara Falls Centre, Ontario. Sept. 25, 1903 
Cuerry, Fioyp H., 315 8S. Bunkerhill Ave., Los Angeles, Cal. 
June 19, 1903 
CueEsTER, M. E., Telephone Engineer, Western Electric Co., 463 West St.; 
res., 296 Manhattan Ave., New York City. Feb. 28, 1902 
CHETWOOD, Ropert Epes, Jr., Assistant Electrician, The American 
Teleph. and Tel. Co., 22‘Thames St., New York City. Mar. 27, 1903 
CHEYNEY, ALGERNON RosBerts, Station Supt. The Phila.Electric Co., 26th 


and Callowhill St. Station, Philadelphia, Pa. Apr. 23, 1903 
CuiLps, SUMNER W., Engineer, 15 Cortlandt St., New York City. 
May 15, 1894 
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CHISHOLM, FREDERICK JOHN, Special Student, Westinghouse Electric & 
Mfg. Co., Pittsburg, Pa. May 19, 1903 
Cuussuck, Leonarp Burrows, Engineering Department, Westinghouse 
E. & Mfg. Co.; res., 510 South Ave., Pittsburg, Pa. Feb. 28, 1902 
CHURCHWARD, ALEXANDER, Electrical Engineer, General Electric Co., 44 


Broad St., New York City; res., Pelham, N. Y. Mar. 27, 1903 
Crack, CHARLES WILLIAM, Telephone Engineer, Western Electric Co., N. 
Woolwich; res., Finsbury Park, London, Eng. May 19, 1903 
CrarK, Cuas. M., E.L., Clark & MacMullen, 22 Broad St., New York Chir 
Apr. 22, 1896 

CLarK, CHARLES Weston, Agent, General Electric Co., Claus Spreckels 
Building, San Francisco; res., Berkeley, Cal. Apr. 23, 1903 
CLARK, CLARENCE Doane, Engineering Department, California Gas & 
Elec. Co., 2207 Ellsworth St., Berkeley, Cal. May 19, 1903 
CLARK, FarLey GRANGER, Electrician Westinghouse Church, Kerr & Co., 
8 Bridge St., New York City. Apr. 26, 1901 
CrarK, Horace STEDMAN, Electrical Engineer, Westinghouse Electric & 
Mfg. Co., 621 Trust Building, Los Angeles, Cal. Jan. 23, 1903 


CLARK, NorMAN FREDERIC, Electrical Engineer, Wm. E. Baker & Co.; 
170 Broadway; res., 120 W. 116th St., New York City. Jan. 23, 1903 


CiarRK, WaALtaAce S., Engineer, Wire, Cable and Tube Department, 


General Electric Co., Schenectady, N. Y. Apr. 25, 1902 
CLARK, WALTER G., Engineer and Manager, Kilbourne & Clark Co., 815 
Second Ave., Seattle Wash. Mar. 27, 1903 


CLARK, Wm. Epwin, Clark & Mills, Engineers and Contractors, 543 Boyl- 
ston St., Boston, & 23 Church St., Cambridge, Mass. Aug. 23, 1899 


CriarK, Wittiam J., General Manager, Foreign Dept., General Electric 
Co., 44 Broad St., New York City. Apr. 22, 1896 


CLARKE, JAMES ULrRick, Superintendent Lancaster Traction Co., Lan- 
caster, Ohio. Feb. 27, 1903 


CLaRKE, Leon, Electrical Engineer, McCormick Division, International 
Harvester Co., Chicago, Ill. July 28, 1903 


CLAYPOOLE, Curtis, Estimating and Superintending Construction, Clay- 
poole Electric Co., 134 E. Long St. Columbus, O. Apr. 23, 1903 


CLELAND, Harry W., 1012 Wood St., Wilkinsburg, Pa. Dec. 18, 1903 
CLEMENT, Epwarp E., Patent Attorney and Electrical Expert, McGill 


Building, 908 G St., N.W., Washington, D. C. May 18, 1897 
CLEMENT, Lewis M., Haywards, Alameda Co., Cal. Apr. 21, 1891 
Curt, ARTHUR S., Chief Mechanical Engineer, Siemens Bros. & Co., Ltd., 

Woolwich, Kent, Eng. Sept. 27, 1901 
CLOHESEY Tuomas F., General Manager, Quincy Gas & Electric Co., 
Ouincy, Il Sept. 25, 1903 


Cioran, GERALD JosEpH, Electrical Engineer, Interborough Rapid 
Transit Co.; res., 408 W. 150th St., New York City. June 19, 1903 


Cioucu, ALBERT L., Manchester, N. H. Feb. 21, 1894 
CLoucu, Dwicut Epwarp, Electrical Engineer, Pacific Electric Railway 
Co., Los Angeles; res., Long Beach, Cal. April 26, 1902 
CLoucn, FrepericK Horton, Alternating Current Designing Office, 
British-Thomson-Houston Co., Rugby, Eng. June 19, 1903 
COATES, CHARLES BEN]., Electrical Engineer, The Keystone Electric Co., 
res., 709 Liberty St., Erie, Pa. Jan. 23, 1903 


Wynn, 208 Liberty St., Schenectady, N. Y. 
CocHRAN, BERRY WYNN y Aen Tees 


OCHRAN, RoBerT BARTER, Student in Electrical Testing Department 
ane General Electric Co., Lynn, Mass. Apr. 23, 1903 
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Copan, JOHN Sturcis, Consulting Engineer, Associated with R. S. Hale, 
31 Milk St.; res.,57 Marlborough St., Boston, Mass. Feb. 15, 1899 


Copy, L. P., Manager-and Engineer. Grand Rapids Electric Co., 9 South 


Division St., Grand Rapids, Mich. Aug. 5, 1896 
Corrin, Cuas. A., General Electric Co., 44 Broad St., New York City. 
: Dec. 6, 1887 
Cocan, Henry Mawnninc, Electrical Engineer, The American Sugar 
Refining Co., Kent Ave., Brooklyn, N. Y. Sept. 26, 1902 
Cocuttn, Joun P., Electrical Engineer and Contractor, Page Electric Co.. 
24 Pearl St., Worcester, Mass. Sept. 27, 1901 
Cono, HerBert B., New York President, H. B. Coho & Co., 114 Liberty 
St., New York City; res., Mt. Vernon, N. Y. Mar. 21, 1894 
CoxEFAirR, Francis ALBERTSON, Chief Engineer, Great Northern Power - 
Co., Duluth, Minn. Sept. 25, 1903 
Cotsy, SAFFoRD KinxEap, Manager N. Y. Office, The Pittsburg Re- 
duction Co., 99 John St., New York City. May 19, 1903 
CoLpWELL, ORIN B., Assistant Electrical Engineer, Portland General 
Electric Co.; res., 267 Grant St., Portland, Ore. Mar. 27, 1903 


Cote, GEorGE MarsHaLt, Engineer, Sanderson & Porter, Plattsburg, 
NYS Tuly 25, 1902 
Cote, GrorcEe Percy, Motor Designing Engineer, Wagner Electric Mfg. 


Co.; res., 2712 Locust St., St. Louis, Mo. Oct. 23, 1903 
Cote, Henry Ernest, Electrical Engineer, Watts & Cole, 1200 Westing- . 
house Building, Pittsburg, Pa. July 28, 1903 
CoLEMAN, WaLTEeR H., Supt. and Treasurer, Andover Electric Co., 
Andover, Mass. Sept. 28, 1898 
CoLEs, Epmunp P., Local Engineer, General Electric Co., 214 5. 11th St., 
Philadelphia, Pa. Oct. 23, 1895 
Cottetr, Samuet D., Eastern Manager, Elevator Supply and Repair Co., 
136 Liberty St., New York City. ; Feb. 26, 1896 
CoLLieR, Witt1AM Rawson, Electrical Engineer, Collier & Brown, 
Atlanta, Ga. May 19, 1903 


Cottiins, ARCHIE FREDERICK, Elec. Engineer and Inventor, Collins Wire- 
less Teleph.- and Tel. Co., 11 Broadway, New York. June 28, 1961 


Couutns, Curtis C., Electrical Engineer, $. A. Luz Electrica, San Juan, 
Pak. Oct. 24, 1902 
CoLLyER, ALFRED, District Manager, Bullock Electric Mfg. Co., 402 


Merchants’ Bank Building, Montreal, Can. Aug. 22, 1902 
CoLWELL, FREDERICK CHARLES, Bullock Electric Mfg. Co., Cincinnati, 
Ohio. Mar. 27, 1903 


Compton, ALFRED G., Professor of Applied Mathematics, College of the 
City of New York, 17 Lexington Ave., New York City. Nov. 1, 1887 


Comstock, CHARLES WortuincTon, Consulting Engineer, Engineering 
Co. of America, 213 Boston Building, Denver, Colo. June 19, 1903 


Conkuinc, DeWirr C., Inventor and Model Maker; res., 14 Third St., 


Hoboken, N. J. Sep. 25, 1903 
ConkKLIN, OLIVER FRANcIs, Consulting Electrical Engineer, The Robbins 
& Myers Co., Springfield, Ohio. Oct. 25, 1901 
ConLEE, FREDERICK Monrogr, Chief Draftsman, Northern Electric Mfg. 
Co.; res. 1212 Spaight St., Madison, Wis. Dec. 18, 1903 
Conn, Frank, W., Superintendent, N. Y. & N. J. Tel. Co., 81 Willoughby 
St.; res., 77 St. James Pl., Brooklyn, N. Y. July 28, 1903 
ConraD, FRANK, Electrical Engineer, Westinghouse Electric & Mfg. 
Co., Pittsburg; res., Edgewood Park, Pa. Dec. 19, 1902 
ConveERsE, V. G., Ontario Power Co., Niagara Falls South, Ont. 
Nov. 23, 1900 
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ConWELL, WALTER Lewis, Westinghouse Electric and Mfg. Co., 11 Pine 
St., New York City; res., Upper Montclair, N. J. May 20, 1902 
Coox, ArtuuR Leroy, Assistant Instructor in Applied Electricity, Pratt 
Institute; res., 281 Ryerson St., Brooklyn, N. Y. Dec. 19, 1902 
Coox, Epwarp JERomE, Electrical Engineer, Cleveland Electric Railway 
Co., Western Reserve Bldg., Cleveland, Ohio. May 15, 1960 
Cook, JAMES CARR, Student, Georgia School of Technology; res., Cusseta, 
Ga. June 19, 1903 
Cooker, Georcet A., Electrical Engineer, 519 North Oak Park Ave., Oak 
Parker ie Mer. 22 1901 
CooLEy, FREDERICK Epmonp, Testing Department, General Electric Co.; 
res., 785 State St., Schenectady, N. Y. Nov. 20, 1903 
Cooper, Witt1am Ransom, Consulting Engineer, with James Swinburne, 
82 Victoria St., London, Eng. July 25, 1902 
CopELAND, CLEM A., Office Edison Electric Co., 845 Coronado St., Los 
Angeles, Cal. June 23, 1897 
Cora, CHARLES ANTHONY, Assistant Wire Chief, American Telephone and 
Telegraph Co., 261 Triangle St., Buffalo, N. Y. Dec. 19, 1902 
CorBeT?T, LAURENCE JAY, 412 Bartlett St,, San Francisco, Cal. 
Mar. 27, 1903 
Corey, Frep BRAINAKD, Engineer, General Electric Co.; res., 1009 Nott 


St., Schenectady, N. Y. Dec. 20, 1893 
CorNELL, Joun B.; Niles-Bement-Pond Co., 136 Liberty St., New York 
City. Sept. 25, 1895 
CorNING, JoHN Woopsipe, Electrical Engineer, Boston Elevated Ry. Co.; 
439 Albany St., Boston; res., Brookline, Mass. Jan. 23, 1903 
CoRNMAN, GEORGE W. W. Jr., Supt. Keystone Elec. Inst. Co., 9th & 
Montgomery Ave., Philadelphia, Pa. Jan. 23, 1903 
CoRNWALL, CLEMENT ARTHUR, Engineer in charge of shift, B. C. Electric 
Railway Co., Vancouver; res., Ashcroft, B. C. May 19, 1903 
Corson, Wituiam R. C., Consulting Electrical Engineer, 36 Pearl St., 
Hartford, Conn. Jan. 17, 1893 

CosGRrove, JAMES FRANCIS, 38 St. Andrews Place, Yonkers, N. Y. 
Nov. 23, 1898 


CowEN, JuLian Betty, Manager of Export Department, General Incan- 
descent Arc Light Co., 572 First Ave., New York City. Feb. 28, 1902 


CowpEr-CoLes, SHERARD Ossoan, Grosvenor Mansions, 82 Victoria St., 


London, S. W., Eng. Aug. 22, 1902 
Craic, THomas Epcar, Salesman, General Electric Co., 84 State St., 
Boston; res., 256 So. Common St., Lynn, Mass. Feb. 27, 1903 


CRAIN, Joun Jay, 2000 H. St., N. W., Washington. D. C. Dec. 16, 1896 
Crain, L. D., Assoc. Prof. Mech. Eng.,-The State Agri. College, Fort 


Collins, Colo. Jan. 23, 1903 
CRAMPTON, STEWART Hooker, First Asst. Supervising Eng., N. Y. 
Teleph. Co., 15 Dey St., New York City. Jan. 23, 1903 
CRANDALL, CHESTER D., Manager, Western Electric Co., 259 South Clinton 
St.; res., 2821 Sheridan Road, Chicago, Il. Sept. 27, 1892 
Crane, Henry Mrppiesrook, Western Electric Co., 463 West St.; res., 
532 Fifth Ave., New York City. Mar. 27, 1903- 

ps Raney, Western Editor, Street Railway Fournal, 1139 

Ee ciacels Block, Chicago, II. Nov. 23, 1901 
Crawrorp, Davip Francis, General Supt. Motive Power, Penn’a Co., 
Union Station, Pittsburg, Pa. Sept. 25, 1895 


RANDALL, 17 Stratton St., W. London, Eng. 
CRAWFORD, JACK : en 
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CrawFrorp, Norman McDona_p, General Manager, Hartford Street Rail- 
way Co.; res., 111 State St., Hartford, Conn. Mar. 27, 1903 


CREAGHEAD, THOMAS J., President and General Manager, Creaghead 
Engineering Co., 313 Walnut St., Cincinnati, Ohio. Sept. 20, 1893 


CREELMAN, ADAM, Superintendent, Rockland Electric Co., Hillburn, N.Y. 
Mar. 27, 1903 


Crenore, Avsert C., Ph.D., The Crehore-Squier Intelligence Transmis- 
sion Co., Lincoln Terrace, Yonkers, N. Y. Dec. 21, 1892 


CREIGHTON, Ermer ELitswortH Farmer, Engineer of Experimental 
Dept., Stanley Electric Mfg. Co., Pittsfield, Mass. May 20, 1902 


Crocker, JAMES RoceEr, Acker Process Co., Niagara Falls, N. Y. 


Dec. 19, 1902 

CRONVALL, Erik, Electrical Draftsman, Westinghouse Electric and Mfg. 
Coy Pittsburg, Pa. Feb. 27, 1903 
Crossy, Oscar T., with J. G. White & Co., 43 Exchange Place, New 
York City. Mar. 18, 1890 
Cross, EpmMunp Rust, Dynamo Testing, Department Westinghouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. Feb. 27, 1963 
CrossMAN, GILBERT, Telephone Engineer, Western Electric Co., 463 West 
St.; 1és., 145 W. 10th St., New York City. Nov. 22, 1901 


Dre Crow, CHARLES Epwarp, In charge of Power Apparatus, Output 
Dept., W. E. Co., 242 S. Jefferson St., Chicago, Il. Sept. 27, 1901 


CRrowELL, Rosinson, Assistant Electrician, Sacramento Electric Gas and 


Railway Co., Sacramento, Cal. Dec. 28, 1828 
Crozier, ARTHUR BERTRAM, Draftsman and Enginee:, Schwarzchild 
& Sulzberger Packing Co., 41st St., Chicago, Ill. Jan. 9, 1$u1 


CroziER, HERBERT WILLIAM, Electrical Engineer, S. F. Department of 
Electricity; res., 677 Pine St., San Francisco, Cal. Apr. 23, 1903 


CruMPTON, WILLIAM JarRus, Student, University of Wisconsin; res., 

West Superior, Mich. Sep. 25, 1903 

CULLEN, Epwarp L., Chief Operator, Cauvery Transmission Scheme, 

Sirasamudrum, Mysore, India. July 28, 1993 
CutverR, FRANK S., Salesman, Northern Electric Mfg. Co., Madison, Wis. 

Dec. 18, 1903 

CumMISKEY, Witt1AM MicHaEL, Draftsman, Marine Engine and Machine 

Co., Harrison; res., 108 James St., Newark, N. J. April 23, 1903 

Da Cunna, Manoet Ienacio, Manager of the Electrical Section, Emprera 


Industrial Gram-Para, Para, U.S. of Brazil. ~ May 16, 1893 
Cunnrivcuam, E. R., Des Moines City Railway Co., 607 Mulberry St., Des 
Moines, Iowa. Jan. 22, 1896 


CunNINGHAM, RicHarp H., Instructor in Electro-Physiology, Columbia 
University; res., 200 W. 56th St., New York City. May 21, 1901 
Cuntz, Jonannes H., Engineering Magazine, 120 Liberty St., New York 


City; res., 325 Hudson St., Hoboken, N. J. Mar. 5, 1889 
CurriE, Harry Avan, Electrician, Brooklyn Heights R. R. Co.; res., 
87 South 9th St., Brooklyn, N. Y. Apr. 23, 1903 
CurrizE, N. M., Electrical Engineer, Electric Light Department, Cia de 
Gas de Valparaiso, Valparaiso, Chili. Feb. 15, 1899 
Currig£, WILLIAM, JR., Electrical Engineer, 89 Union Ave., Montreal, 
Que. July 25, 1902 
Curtis, Cart Crirton, General Manager, The Sandusky Tel. Co., San- 
dusky, Ohio. Aug. 22, 1902 
CuTLER, Evinu Hersert, Manager, The Sh Sepa Mfg. Co., 84 West- 
minster St., Springfield, Mass. Apr. 23, 1903 
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CuTLeR, Henry H., Vice-President and Chief Engineer, The Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. June 19, 1903 


CuTLer, James Ermer, Manager of Philadelphia Office Stanley Electric 
Mtg. Co., 26 So. 15th St., Philadelphia, Pa. Apr. 25, 1902 
Daccett, Roya, Braprorp, Electrical Engineer, Electric Storage Bat- 
tery Co., 43 Nevada Block, San Francisco, Cal. Jan. 25, 1899 


DAHLANDER, Rosert, Electrical Engineer, The Royal Government of the 
Railways of Sweden, Stockholm, Sweden. May 19, 1903 


Damon, Geo. A., Electrical Engineer, Arnold Electric Power Station Co; 
1540 Marquette Building, Chicago, III. June 24, 1898 


Damon, Geo. B., Manager, Cahall Sales Dept., 1110 Farmer’s Bank 
Building, Pittsburg, Pa. June 23, 1897 
Dantes, Haroup Pratt, Testing Department, General Electric Coniress 
5 So. Church St., Schenectady, N. Y. ; Dec. 19, 1902 


DANIELSON, Ernst, Technical Director, Allmanna Svenska Elektriska, 
A. B., Westeras, Sweden. June 27, 1895 


DarBy, WaLTER Raines, Pittsburg Reduction Co., 99 John St., New 
York City; res., 18 Summit Ave., Westfield, N. J. May 20, 1902 


Dassori, FREDERICK Humpert, Engineering Dept., N. Y. & N. J. Tele- 


phone Co., 81 Willoughby St., Brooklyn, N. Y. May 21, 1901 
Dates, Henry B., Professor of Electrical Engineering and Physics, 
University of Colorado, Boulder, Colo. Dec. 28, 1898 


DAVENPORT, GEORGE W., 44 Bay St., Winchester, Mass. June 4, 1889 
Davipson, Epw. C., Patent Lawyer, 141 Broadway, New York City. 


Feb. 7, 1890 

Davipson, JAMES Epwarp, Superintendent, Port Huron Light and 
Power Co., Port Huron, Mich. Mar. 28, 1902 
Davipson, JOHN CLARENCE, Electrician and Chief Engineer, S. S. White 
Dental Mfg. Co., Princes Bay, N. Y. May 19, 1903 


Davipson, Ro_ttanp ArtTuHuR, General Manager, Newburgh Light, Heat 
and Power Co.; 298 Grand St., Newburgh, N. Y. Mar. 27, 1903 


Davies, JoHN HuBeErtT, Senior Partner, Hubert Davies & Spain, Johannes- 
burg, S. A. Oct. 23, 1903 


Davis, ARTHUR Percy, 167 Russell St., Worcester, Mass. July 28, 1903 


Davis, CHARLES BRIDGE, Local Manager of Boston Office, General Elec- 
tric Co., 84 State St., Boston; res., Lexington, Mass. Apr. 23, 1903 


Davis, DeLamoreE L., Superintendent, Salem Electric Light and Power 


Co., 299 Lincoln Ave., Salem, Ohio. Apr. 2, 1889 
Davis, Ernest Epcar, Mechanical and Electrical Engineer, Davis & 
‘Forrest, Savannah, Ga. Nov. 20; 1903 
Davis, Frep Horne, Consulting Engineer, Winchester House, Loveday 
ee Johannesburg, Transvaal. Sept. 25, 1903 

EssE Hoop, Draftsman, Motive Power Department, Pennsyl- 
apes Railroad, 1409 10th St., Altoona, Pa. June 19, 1903 
u P., Engineer, American Telephone and Telegraph Co., 113 

alee ih St New Work City. Apr. 15, 1884 


Foster, Secretary and Manager, Jamaica Electric Light & 
ee C.. Ltd., 38 Harbor St., Kingston, Jamaica. Sept. 27, 1899 
Davis, Puirip W., Engineer of New England Office, The Electric Storage 


Battery Co., Boston; res., Cambridge, Mass. May 15, 1900 

M4 je . . . . h St. 

Davis, Sotomon, Proprietor, The Conduit Wiring Co., 12 West 29t ; 
New York City. . July 25, 1902 


GrirFitH, Electrical Engineer, Electric Storage Battery 
Bae Cu oth St. & Allegheny Ave., Philadelphia, Pa. Oct. 24, 1902 
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Davis, W. J” Jr., Electrical Engineer, General Electric Co., Scengey 2 
NGAY 


Mar. 20, 1895 

Dawson, Josue Contractor for Electric Light and Power, etc., Cuba 
Street Extension, Wellington, New Zealand. Jan. 9, 1901 

Day Cuartes. Dodge & Day, Nicetown; res , Germantown, Philadelphia, 
Pa. May 20, 1902 

Day. WinTERTON JAMES, Power and eS Engineering Department, 
General Electric Co., Schenectady, N OMG June 19, 1963 


DEAN, WaLTER CLARK, Electrical Draughtsman in charge Equipment 
Department, Norfolk Navy Yard, res., Norfolk, Va. ‘Sept. 17, 1901 


DEAN, Witiram Tucker, Chief Electrician, Illinois Steel Co., So. Chicago; 


res., 748 E. 72d St., Chicago, II. ‘Apr. 23, 1903 
DEAN, Witu1aM Warren, Vice-President Dean Electric Co., Elyria,Ohio. 
Nov. 21, 1902 


De Btots, Lewis Amory, Electrical Engineer, with Harry Alexander, 
Astor Court Building, W. 33d St., New York City. Sept. 25, 1903 


DeEcKER, WARD, Manufacturing Electrical Specialties and Automobiles, 


Owego, N. Y. May 19, 1903 
Deeps, Epwarp AnprREw, Assistant General Manager National Cash 
Register Co., Dayton, Ohio. Nov. 23, 1900 
DELAFIELD, CLARENCE E., District Manager, Wagner-Bullock Co., 2017 
Locust St., St. Louis, Mo. Apr. 23, 1903 
Devavat, Leon, Electrical Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg; res., Wilmerding, Pa. June 19, 1903 
DE MarcnHeno, E., Chief Engineer, Compagnie Francais, Thomson 
Houston, 10 Rue de Londres, Paris, France. June 19, 1903 
DEMPSTER, Tuomas, Electrical Engineer, General Electric Co., Schenec- 
tady, INeaYe May 17, 1898 
Denn, Howarp Harper, Teacher in Mechanical Drawing, Drexel Insti- 
tute; res., 4408 Walnut St., Philadelphia, Pa. Dec. 18, 1903 


Dennison, EpGar Wat.ace, District Manager, New York and New 
Jersey Telephone Co., 11 Cone St., Orange, N. J. June 19, 1903 
Dre Wotr, RocerR Dennison, Electrical Engineer, Westinghouse Ele- 


tric and Mfg. Co., Pittsburg, Pa Nov. 20, 1903 
Dick, Wrtit1am Amz, Designing Electrical Engineer, Westinghouse E. & 
M. Co., Pittsburg, Pa. Mar. 28, 1902 
Dickerson, E. N., Attorney-at-Law, 141 Broadway; res., 64 E. 34th St., 
New York City. Apr. 15, 1884 
Dickinson, Epcar Drury, Testing Dept. General Electric Co.; res., 5 So. 
Church St., Schenectady, N. Y. Jan. 23, 1903 


DIcKINson, Harry Hammonp, Erecting Engineer, Arnold Electric Power 
Station Co., 1539 Marquette Building, Chicago, Ill. July 28, 1903 


DreTeRIcH, ALBERT EpGar, Solicitor of Patents, with Fred G. Dieterich, 
602 F St., N. W. Washington, D. C. Jan. 23, 1903 


DretericH, Frep G., Solicitor of Patents and Mechanical Expert, 602 F 
Nth; Washington, ae July 18, 1899 


DILLon, EDWARD Paut, Electrical Engineer, The Colorodo Springs Electric 
Co., 107 East Kiowa St., Colorado Springs, Colo. Sept. 26, 1902 


Dene Atva C., Supt. Pict Dept., Homestead Steel Works, Munhall, 


Feb. 17, 1897 
DINsMORE, SAMUEL C., Expert Nutrition Investigation U. S. D. A., Wes- 
leyan University, Middletown, Conn. Sept. 25, 1903 


Drx, WatteR S., Mechanical and Electrical Engineer, Sanderson & Porter, 
52 William St., New York City. May 19, 1903 


Dixon, James, Electrical Engineer, Gray National Telautograph Co., 80 
Broadway, New York City. Jan. 24, 1902 
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Dixon, Witt Montacue, Foreman, Inside Wiring, World’s Fair, St. 
Louis, Mo. May 19, 1903 
DosBeraar, Epwarp CuRIsTIAN, Assistant Engineer, New York Sum, 170 
Nassau St., New York City. Sept. 25, 1903 


Dossier, Rosert S., Electrical Engineer, Riding Mill-on-Tyne, Northum- 
berland, Eng. Feb. 5, 1889 


Dopp, Joun Nevins, Designer Electrical Machinery, English Electrical Mfg. 
Co., West Strand Road, Preston, Lancashire, Eng. Feb. 27, 1903 


‘Dopp, SamueL Tuomson, Engineer Railway Department, Stanley Electric 


Mfg. Co., Pittsfield, Mass. Sept. 27, 1901 
Dovce, Kern, Dodge & Day, Nicetown; res., Germantown, Philadelphia, 
Pa. May 20, 1902 
Dorn, Joun CLEMENT, Manager, Insulating Varnish Department, Stand- 
ard Varnish Works, Brooklyn, N. Y. Sept. 25, 1903 
Donatpson, Kern, Assistant in Construction Department, J. G. White & 
Co., 43 Exchange Place, New York City. May 19, 1903 
Donatpson, Wo. W., Electrical Engineer, The Gould Storage Battery Co., 
25 W. 33d St., New York City. May 21, 1901 


Down Cartos, Henry C., Station Foreman, The Telluride Power Trans- 
mission Co., Telluride, Colo.; res., Clarkbsurg, Mo. Apr. 23, 1903 
Donsnea, Wiriram Isaac, District Superintendent, The N. Y. Edison 
Co., 55 Duane St., New York City. Apr. 23, 1903 


DootittLe, CHarLes BENJAMIN, Supt. of Traffic, The Southern N. E. 
Telephone Co., 118 Court St., New Haven, Conn. Apr. 28, 1903 


Doorirrre, CLarENceE E., Manager and Electrician, Roaring Fork Electric 


Light and Power Co., Aspen, Colo. May 15, 1895 
DootittLte, Tuomas B., Engineering Department, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. May 16, 1893 


Dorp, Wittiam Hucu, Stanley Electric Mfg. Co., Pittsfield, Mass. 
Sept 27, 1901 
Doremus, CuHariLes AvERY, M.D., Ph.D., 55 West 53d St., New York City. 


July 7, 1884 
DornsBuscu, Louis CHARLES, Student, Polytechnic Institute; res., 61 
Hancock St., Brooklyn, N. Y. ‘ Dec. 19, 1902 
Dostat, Joun Frank, Member of Engineering Corps, Denver Gas and 
Electric Co., 2482 Stout St:, Denver, Colo. Mar. 27, 1903 
Doty, Ernest LAwreENcE, Assistant Enginecr, Westinghouse E. & M. 
Co., 11 Pine St,, New York City. Sept. 25, 1903 
Dovstepay, Harry M., Doubleday-Hill Electric Co., 535 Wood St., 
Pittsburg, Pa. July 25, 1902 
Dovusrava, Harry Wirrrep, Engineer, Bullock Electric Mfg. Co. 220 
Broadway, New York City. May 20, 1902 
Dovust, Tuomas Eaton, Graduate Student, The University of Chicago, 
5802 Jackson Ave., Chicago, Ill. Jan. 9, 1901 
Doup, CuarLes Hamitton, With Sawyer, Man Electric Co., 510 West 23d 
; St.; res., 30 W. 44th St., New York City. Sept. 27, 1901 


DoveHerty, CHARLES JAmeES, Electrical Engineer, The Wm. Cramp & 
Sons Ship and Engine Building Co., Philadelphia, Pa. May 19, 1903 


Doucuerty, Proctor L., Electrical Engineer, Treasury Department; 


res., 1427 Binney St., Washington, D.C. Dec. 19, 1902 
Doucias, Epwii Rust, Chief Draftsman, The Crocker-Wheeler Co., 
Ampere, N. J.; res., East Orange, N. J. Jan. 23, 1903 
Dovctas, Ecpert, Construction Engineer, General Electric Co., Ruggery 
Building, Columbus, Ohio. Apr. 23, 1903 
Dow, Hersert Wir, Assistant Professor of Mechanical Engineering, 
Iowa State College, Ames, Iowa. May. 19, 1903 
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Dow, James Cuasez, Switchboard Attendant, Missouri River Powe Cor., 
551 S. Main St., Butte, Mont. Feb. 27, 1903 
Dowie, Horace, With Westinghouse, Church, Kerr & Co., 8 Bridge St., 
New York City; 363 Jefferson Ave., Brooklyn, N. Y. Jan. 25, 1901 
Downerp, Hrrom §., Erecting Engineer, 240 Marshall Ave., Columbus, 
Ohio. June 19, 1903 
Downes, Louis W., Vice-President and General Manager, The D. & W. 
Fuse Co., 407 Pine St., Providence, R. I. Nov. 22, 1899 
Downrnc, P. M., Supt. of Sub-Stations, California Gas & Elec. Corp., 
Rialto Bldg., San Francisco, Cal. June 24, 1898 

Downs. Epcar SELAH, 704 Trenton Ave., Wilkinsburg, Pa. 
May 19, 1903 
Downton, CHARLES Epwarps, Foreman of Apprentices, The Westing- 
house Electric & Mfg. Co., Pittsburg, Pa. Jan. 23, 1903 
DRAKE, BERNARD MERvyn, Chairman, Drake & Gorham, Ltd., 66 Victoria 
St., London, S.W., Eng. Apr. 23, 1903 
Drake, Davin E., Sales Department, Westinghouse Electric and Mfg. Co., 
120 Broadway; res., 260 Sixth Ave., Newark, N. J. June 19, 1903 
Drake, HERBERT WILLIAM, Assistant Wire Chief, American Telephone 
and Telegraph Co., 261 Triangle St., Buffalo, N. Y. Dec. 19, 1902 
DraNE, FRANK NEAL, Secretary and Treasurer, Corsicana Gas & Electric 
Co., Corsicana, Tex. Sept. 25, 1903 
DressEL, JoHN Haruaway, 436 S Ave., Wilkinsburg, Pa. Sept. 27, 1901 
Dresser, CHARLES A., Supt., Kohler Bros., 1808 Fisher Bldg., Chicago, Ill. 
May 21, 1901 

DRESSLER, CHARLES E., 17 Lexington Ave., New York City. 
Dec. 16, 1890 
Drona, T. E., Supt. of Shops, Northern Electric Mfg. Co., Madison, Wis. 
May 21, 1901 
Dryer, Ervin, Salesman and Engineer, Westinghouse E. & Mfg. Co.; 171 


La Salle St., Chicago, Ill. Feb. 28, 1902 
DryspDa.e, Dr. W. A., Consulting Electrical Engineer, 414 Hale Building, 
Philadelphia, Pa. ; Sept. 19, 1894 
DuBois, ALEXANDER Dawes, Motor Application Engineer, Western 
Electric Co., 259 South Clinton St., Chicago, Ill. July 25, 1902 
DuBois, TuTHILL, Electrical Contractor, 891 Glenmore Ave., Brooklyn, 
NYS Aug. 23, 1899 
DupieEy, EuGene Emer, Asst. Elec. Eng'r., Quartermaster’s Dept., 
Bedloe’s Island, N. Y. Harbor. Oct. 24, 1902 


DuFrRESNE, BERNARD Maurice, Erecting Engineer, Westinghouse E. & 
M. Co.; res., €27 South Negley Ave., Pittsburg, Pa. Sept. 25, 1003 


Duncan, Joun D. E., Engineer, with Sanderson & Porter, 31 Nassau St., 


(Life Member.} New York City. Mar. 20, 1895 
Duncan, Tuomas, Vice-President and General Manager, Duncan Electric 
Mfg. Co., Lafayette, Ind. Oct. 17, 1894 
Duntop, Rospert Rowse, Engineer in Electrical Department, Jeffrey 
Mfg. Co.; res., 272 N. 17th St., Columbus, Ohio. Apr. 23, 1903 
Dunn, Cuirrorp E., Patent Attorney, Park Row Bldg., New York City; 
res., 12a Monroe St., Brooklyn, NY. Feb. 15, 1899 
Dunn, Kincstey G., With C. C. Moore & Co., 614 Pacific Block, 
Seattle, Washington. Oct. 17; 1894 
Durant, Epwarp, Electrical Engineer, 115 East 26th St., New York 
City. Nov. 15, 1892 
Durant, Geo. F., General Manager Bell Telephone Co., of Missouri, Telc- 
phone Building, St. Louis, Mo. Apr. 15, 1884 
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Dusman, Joun F., General Manager, The York County Traction Co.; res., 


15.5. George St., York, Pa. May 19, 1903 
Dwicnt, THEopore, Asst. Secy. Amer. Inst. of Mining Engrs., 99 John 
St.; res., 103 W. 55th St., New York City. Jan. 23, 1903 


Dyer, Ernest L., Engineer and Manager of the Engineering Department 
of the American Trading Co., Yokohama, Japan. Jan. 25, 1899 
Dyer, SHUBAEL ALLEN, Manager Supply Dept. Mexican Mine & Smelting 
Supply Co., Callé San Francisco, No. 12, Mexico City, May 15, 1900 
Dyke, Owen ARTHUR Wynne, Electrical Contractor, 90 St. George’s St.; 


Capetown, South Africa. Sept. 27, 1901 
Dyson, ArrreD HartTweELt, Engineer, Automatic Electric Co., cor. 
Morgan and Van Buren Sts., Chicago, III. Jan. 23, 1903 
Dysterup, Emit, [Address Unknown. ] July 26, 1900 
Eastman, Frank Hatt, Salesman, Washington Office, Crocker-Wheeler 
Co.; 1417 New York Ave, Washington, D. C. May 19, 1903 
Eastman, GeorGeE Nrat, In charge of Testing Laboratory, Chicago Ed‘son 
Co.,.1389 Adams St., Chicago, II. Nov. 22, 1901 
Eastwoop, ARTHUR CLARKE, Electrical Engineer, The Wellman-Seaver- 
‘ Morgan Engineering Co., Cleveland, Ohio. Mar. 27, 1903 


Eaton, Howarp Frencu, Mechanical and Electrical Draftsman, Stone & 
Webster, 19 High St., Boston; res.. Quincy, Mass. Feb. 27, 1903 
Eppy, H. C., Electrical Engineer, 924 Monadnock Building, Chicago, Il. 
June 20, 1894 

Eppy, Horace T., University of Cincinnati, Cincinnati, Ohio. 
- May 21, 1901 


Epcar, Harry Tuomas, Manager El Paso Electric Railway Co., and 
International Light and Power Co., El Paso, Tex. Feb. 27, 1903 


Epmanps, I. R., Electrical Engineer and Superintendent, Union Carbide 


Co., Sault Ste. Marie, Mich. June 23, 1897 
EpDMANDS, SAMUEL SUMNER, Instructor, Applied Electricity, Pratt Insti- 
tute, Brooklyn, N. Y. evar e22" 190 E 
Epmonps, SAMUEL OweEN, Patent Lawyer, 32 Liberty St.; res., Lawrence 
Park, Bronxville, N. Y. July 28 1903 


Epmonston, EpGar Davis, Electrical Engineer, The Lackawanna Iron & 
Steel Co., res.; 401 Delaware Ave., Buffalo, N. Y. Apr. 25, 1902 


EpstroMm, JOHANNES SIGFRID, General Manager, Allmanna Svenska Elec- 


tric Co., Westeras, Sweden. May 19, 1903 
Epwarps, Crirron V., Attorney-at-Law and Solicitor of Patents, 220 
Broadway, New York. Nov. 22, 1899 
Epwarps, James P., Consulting Electrician, Augusta; res, Montesano, 
Summerville, Ga. Apr. 19, 1892 
Epwarps, JosepH BiackBurn. Supt. Kellogg Switchboard and Supply 
Co., Congress and Green Sts., Chicago, Ill. Jan. 23, 1903 
Ecurn, James MEIKLE, Chief of Electric Dept. Edison Electric Light Co., 
10th and Sansom Sts., Philadelphia, Pa. July 26, 1900 
Eciin, Wn. C. L., Manager, Electrical Engineer, Edison Electric Lt. 
Co., 10th and Sansom Sts., Philadelphia, Pa. Sept. 19, 1894 
Ecuinton, Wititram McNico1, Chief Constructing Engineer of Power 
Plant, Guanica Centrale, Guanica, Porto Rica. Feb. 27, 1903 
EHRENREICH, James Jacos, Contracting Electrical Engineer, 503 Fifth 
Ave., New York City. - June 19, 1903 
) hestnut St., Philadelphia, Pa. 
Enret, CorNELIUS DALZELL, 1011 C , Pp TEC 
Exruart, Raymonp NEtson, The Westinghouse Machine Co.; res., 7712 
Edgerton Ave., Pittsburg, Pa. Mar. 27, 1903 
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Etsenpeis, WaLTeR Herman, Engineering Apprentice, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 


EKsTRAND, CHARLES, Superintending Engineer, Brooklyn Cooperage 
Co., North 6th St.and Kent Ave., Brooklyn,N. Y. Apr. 25, 1902 


Exstrom, Axe, Consulting Electrical Engineer, Delaware Hudson Ry. 
Co.7Albany. Nive June 17, 1890 


ExLpen, Leonarp Lorp, Chief Electrican, Edison Electric Illuminating 
Co., of Boston, 3 Head Pl.; res., Dorchester, Mass. Apr. 23, 1903 


Etey, Jostan Norrieet, Electrical Engineer, Georgia Railway and 


Electric Co., 198 S. Prior St., Atlanta, Ga. Feb. 28, 1902 
Exias, ALBERT B., 1810 Washburn St., Scranton, Pa. Jan. 26, 1898 
ELuarp, JOHN W., J. L. Blackwell & Co., 229 East German St., Baltimore, 

Md. June 23, 1897 
ELLINGER, EpGar, Electrical Engineer, George A. Fuller Co., 137 Broad- 

way; res., 164 E. 79th St., New York City. Apr. 25, 1902 


Exuiotr, Etmer G., General Electric Co., 44 Broad St., New York City. 

May 21, 1902 

E.uis, Jonn, Manager, The Lonsdale Co.’s Electric Light Plant, Lonsdale, 
RGeL. 


Apr. 26, 1899 

Extis, R. Lauris, General Superintendent, Gas and Electric Departments, 
Natchez Gas Light Co., Natchez, Miss. Apr. 26, 1896 
Exuis, Wes.Ley Rose, Student, Elec. Eng’g, Cornell Univ.; 302 Eddy St., 
Ithaca, N. Y.; res., Johnstown, Pa. Jan. 23, 1903 
ELMER, WILLIAM, JR., Assistant Master Mechanic, Altoona Machine Shop, 
Altoona, Pa. Mar. 18, 1890 


Evsnorr, BerNarD, General Foreman, Bullock Electric Mfg. Co., East 
; Norwood; res., 1522 Breman St., Cincinnati, Ohio. Feb. 27, 1903 
Ery, Wm. Grosvenor, Jr., Asst. Supt. Construction, General Electric 
Co.; res., Avon Road, Schenectady, N. Y. Mar. 21, 1893 
Emerick, Louis W., Vice-President and General Manager, Fulton Light 
Heat and Power Co., Fulton, N. Y. Aug. 13, 1897 
ENGELHORN, FRANK JosEPH, Superintendent Nezperce Light & Power 
Co., Nezperce, Idaho. May 19, 1903 
Entz, Justus BuLKtey, Electrical Engineer, Electric Storage Battery Co. 
19th St. and Allegheny Ave., Philadelphia, Pa. Jan. 7, 1890 
Ersen, H. F. aa Designing Engineer, General Electric Co., Schenec- 
tady, N. Y. Aug. 22, 1902 
Erickson, F. Wn., Electrical Engineer, The Erickson Electric Ecuipment 
Co., 280 Devonshire St., Boston, Mass. Sept. 19, 1894 
Erwin, FRANK BENNETT, Electrical Engineer, Westinghouse E. & M. Co 
University Building, Syracuse, N. Y. Jan. 3, 1903 
Estinc, ALBERT, Sales Manager, R. E. T. Pringle Co., 18, Toronto St 
Toronto, Ont. Nov. 20 1903 
EsTERLINE, J. WALTER, Instructor Electrical Engineering, Purdue Uni- 


versity; res., 401 State St., Lafayette, Ind. Mar. 28, 1900° 
Estes, OrANGE A., The Chesapeake and Potomac Teleph 

14th St., N. W., Washington, D. C. = oraececinns 
ETHERIDGE, Harry, Asst. Supt. Allegheny Co. Light: Co.: ok 

Jenny Lind St., McKeesport, Pa. : Fans oF 1908 
ETHERIDGE, Locke, M.E., Electrical Engineer, Pullman Car Works, Pull- 
man; res., 44 E. 50th St., Chicago, IIL. Oct. 17, 1894 


Evans, Clement W., Electrical Engineer, Fogart i 
Francisco, Mexico City, Mecita’ ied ager eet ee 
Evans, Pau H., Chief Engineer, Mexican General Electric Co., Mexico 


Be City, Mexico. \ Jan. 24, 1900 


ASSOCIATES, 051] 


‘EVELAND, PorTER, 773 State St., Schenectady, N. Y. June 19, 1903 


Everit, Epwarp Horcugiss, Engineer, The So. N. E. Telephone Co., 641 
Whitney Ave., New Haven, Conn. Jan. 3, 1902 


Ewinc, GeorGe Cuinton, Electrical Railway Supplies, 131 State St., 
Boston, Mass. Mar. 27, 1903 


Eyre, Mannine K., Buckeye Electric Co., Cleveland, Ohio. Oct. 17,1894 


Faunestock, Ernest Benjamin, Vice-President and G. M., Fahnestock 
Transmitter Co., 74 Cortlandt St., New York City. Apr. 23, 1903 


FaIRBANKs, Ropert Payne, Power Station Superintendent, The Logan 


Power Co., Logan, Utah. Apr. 23, 1903 
FAIRBURN, WILLIAM ARMstTRONG, Naval Arch. & Engr., Eastern Ship- 
building Co., Quincy, Mass. Jan. 23, 1903 
Faircuitp, WALTER Lowe, Bullock Electric Mfg. Co., 220 Broadway, 
New York City. Oct. 24, 1902 
FamBroucu, Witt1am McInTosu, Designing & Erecting Engineer, Moore 
& McCrary, Atlanta, Ga. July 28, 1903 
FansLer, Percivar Exuiot, B.S., Chief Clerk, Department of Electricity, 
Universal Exposition, St. Louis, Mo. Mar. 28, 1902 


FARMER, FRANK Matcorm, Lamp Testing Bureau, 80th St. & East End 
Ave., New York ; res., 568 Pacitic St., Brooklyn. Nov. 21,.1902 


FarnswortH, ArtTHuR J., Asst. Chief Engineer, Consol. Rwy, Electric 
Ltg. & Equip. Co., 83 W. Jackson Boul., Chicago, Ill. Jan. 16, 1895 


Farranp, Dupiey, General Manager, United Electric Company of New 


Jersey, 207 Market St., Newark, N. J. July 26, 1900 
FarweE.1, Haroip GirBert, Testing Department, General Electric Co.; 
res., 77 Grove St., Lynn, Mass. Apr. 23, 1903 
Fawcett, WaLLace H., General Electric Co.; res., 8 Union St., Schenec- 
pices dNice Wee Aug. 22, 1902 
Fay, THomas J., 461 55th St., Brooklyn, N. Y. June 26, 1891 
FELDMAN, CLARENCE, Lecturer, The Polytechnical High School; res., 
Stifts St., 9, Darmstadt, Ger. May 19, 1903 
Feittows, Henry Wattace, Consulting and Construction Engineer, Citi- 
zen’s Electric Co., Lewistown, Mont. : May 19, 1903 
Fercus, WiLit1AmM Lovepay, Partner, Chas. G. Armstrong & Co., 1510 
Fisher Building, Chicago, Ill. May 19, 1903 


Fereuson, Louis Atoystus, General Superintendent, Chicago Edison 
Co., 139 Adams St., Chicago, Ill.; res., Evanston, Ill. Oct. 25, 1901 


FERGUSON, SAMUEL, Engineer, General Electric Co., Schenectady, N. Y. 


; Jan. 3, 1902 
FERNALD, CHARLES ARTHUR, Electrician, General Electric Co.; res., 24 
Brimblecom St., Lynn, Mass. Apr. 23, 1903 


FERNANDEZ, WILLIAM, TALANERA Foreman, Electrical Operating Dept., 
N. Y. Edison Co., 38th St. & 1st Ave., New York. May 19, 1903 


pr FERRANTI, SEBASTIEN ZIANA, Managing Director, de Ferranti, Tete. 
res., 31 Lyndhurst Rd,, Hampstead, London, Eng. May 19, 1903 


Ferris, Robert Murray, Jr., Engineering Dept., The N. Y. & N. J 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Feb. 28, 1902 


FETHERLING,’ HERSCHEL GeEoRGE, Salesman and Engineer, Northern 
Electric Mfg. Co., 126°E. Dayton St., Madison, Wis. Dec. 18, 1903 


ALLAN BERTRAM, General Electric Co., Schenectady; N. Y. 
ean May 19, 1903 


FieLp, ArtuHurR W., Secretary and Manager, 101 Hoffman Ave., Columbus 


Ohio. Aug. 22, 1902 
Fieip, Micuarr Brrr, Contract Engineer, Ferranti Ltd., 20 Cockspur St., 
London, S. W., Eng. Nov. 20, 1903 
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Frecpinc, FRANK E., Chemist and Assayer, Virginia City, Nev. 
[Life Member.] Sept. 6, 1887 
Frecpinc, Partie Harrison, Chief Electrician, B. Altman & Co.; res., 
59 W. 124th St., New York City. July 28, 1903 
Fincn, Hersert Isaac, Assist. Supt. The Emerson Electric Mfg. Co., St. 
Louis, Mo. Apr. 23, 1903 
Finney, Joun H., Manager, Southern office, The Pittsburg Reduction 
Co., Bond Building, Washington, D. C. Sept. 26, 1902 
Frnz1, Grorce, General Manager, Brioschi, Finzi & Co., 24 Piazza 
Castello, Milano, Italy. Mar. 27, 1903 
Firtu, Wm. Epcar, Chief Engineer, The Midvale Steel Co., Nicetown, 
Phila.; res., 7203 Boyer St., Germantown, Pa. Mar. 25, 1896 
Fisu, Frep ALAN, Assistant Prof. of Electrical Engineering, Ohio State 
University; res., 241 W. 4th Ave., Columbus, O. Mar. 28, 1900 
Fisu, FREDERICK PERRY, President, American Telephone & Telegraph 
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677 Ellicott Square, Buffalo, N. Y. May 19, 1903 
Rosert R., 20 So. Franklin St., Wilkesbarre, Pa. . 

SE ste Member.] » Sept. 25, 1895 

TIARVIE, WILLIAM JAMES, Electrical Engineer, Utica and Mohawk Valley 

2 Ry. Co., Utica, ING NZ Apr. 23, 1903 

EN, Harry ARIEL, Electrical Engineer, The Whitin Machine 

Ee ean tks Whitinsville, Mass. Oct. 24, 1902 

HaskELL, GrorcE Myron, Selling Agent, J. G..Brill Co.; res., 32 Maple 

St., New Haven, Conn. ; . May 19, 1903 


Witit1am Enpcar, Chief Electrician, South Works, American 
ae and Wire Co., 209 Vernon St.. Worcester, Mass. Jan. 25, 1901 


Hassver, Cuas T. F., Inspector of Electrical plants, Kungl Kornmers- 


kollegium, Stockholm, Sweden. Oct. 24, 1900 
Lovis BRouNELL, Erecting Road Engineer, Stanley Electric 
Rae Co., Pittsfield, Mass. Oct-23, 1903 
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Hartcu, Austin Smitu, Assistant General Superintendent, Public Lighting 
Commission, 40 East Atwater St., Detroit, Mich. Sept. 26, 1902 


Haruaway, Josepu D., Jr., Superintendent, The Wire & Cable Co., Mon- 


treal, Que. : Aug. 5, 1896 
HatzeEt, J. C., Firm Hatzel & Buehler, 114 Fifth Ave.; res., 1231 Madison 
Ave., New York City. Sept. 3, 1889 _ 


Havusricu, ALeEx. MicHABkt, Electrical Engineer, Stromberg-Carlson Tele- 
phone Mfg. Co., 72 West Jackson Boul., Chicago, Ill. Apr. 26, 1901 


Havens, Artuur L., Salesman and Engineer, Kilbourne & Clark Co., 815 


Second Ave., Seattle, Wash. Mar. 27, 1903 
Havitanp, Henry Fievp, with Clark & MacMullen, 20 Broad St., 
New York City. Feb. 27, 1903 
Hawkins, CHARLES CAESAR, Electrical Engineer, H. Allen, Son & Co., 
Ltd.; res., 37 Conduit Road, Bedford, Eng. Nov. 20, 1903 
Hawkins, LAuRENcE A., Engineer, Stanley Elec. Mfg. Co., Pittsfield, 
Mass. Jan. 23, 1903 


HAWKINS, Witit1aM CLarK, General Manager and Secy., Hamilton Cata- 
ract Power Lt. Traction Co., Ltd., Hamilton, Ont. June 19, 1903 


Hawss, H. D., Engineer, with General Electric Co., Schenectady, N. Y. 
May 21, 1901 


Hayes, Ciirton Ricumonp, Electrical Engineer, Ludlow, Mfg. Associates, 


Ludlow, Mass. : June 19, 1903 
Hayes, James Epwarp, JR., Assistant in Laboratory Western Electric 
Co., New York City. Mar. 27, 1903 
Hayes, Joun Bart ett, Storekeeper, Mechanical and Electrical Depart- 
ment, Universal Exposition, St. Louis, Mo. June 19, 1903 
Haves, STEPHEN Q., Switchboard Engineer, Westinghouse E. & M. Co.; 
res., 4 Brushton Ave., Pittsburg, Pa. Sept. 25, 1903 
Hays, Grorcr, Manager Edison Storage Battery Co., Glen Ridge; res., 
190 Belleville Ave., Bloomfield, N. J. Apr. 23, 1903 
Haywarp, Ropert Francis, Chief Engineer, The Utah Light and Power 
Co., Salt Lake City, Utah. Apr. 23, 1903 
Hazarp, WitiiaM JONATHAN, Assistant Professor Colorado School of 
Mines, Golden, Colo. Mar. 27, 1903 
Heaty, Louts W., Treasurer, East Liverpool Railway Co., East Liverpool, 
Ohio. . June 26, 1891 
Heany, Joun ALLEN, Expert. Teter-Heany Developing Co., Markie Pex 
Oct. 25, 1901 
Hearty, Witit1is Herpert, Engineer and Draftsman, with C. O. Mail- 
loux; res., 9 Hanson Pl., Brooklyn, N. Y. Mar. 27, 1903 
HEpENBERG, Wm. L., Manager and Editor, Electricity, 136 Liberty St., 
New York City. Nov. 21, 1894 
Hert, N. H., Chief of Electrical Dept., N. Y. & N. H. H. R. R., New 
Haven; res., Bridgeport, Conn. Aug. 23, 1899 
HeELiesuck, Gustave J., Electrical Engineer, Societe Anonyne, Tramway 
Bologne, Italy. April 25, 1902 


Hetiicx, CHauncey Grauam, 510 Northampton St., Easton, Pa. 
Jan. 26. 1898 
Hemincway, ALBERT FRANKLIN, Engineering Depart., American Elec- 
tric Telephone Co., 36 W. Jackson Boul., Chicago, Ill. Sept. 27, 1901 
HenpERSON, ALEx., Electrician, Sprague Electric Co.; res., 122 West 103d 


St., New York City. Nov. 30, 1897 
Henperson, Henry Banks, Riverside, Cal. May 21, 1895 
Henverson, Rospert H., Detail Engineer, Westinghouse E. & M. Co., 

Newark, N. J. Jan. 23, 1903 
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HeENnprY, WILLIAM FERRIS, Factory Engineer, Western Electric Co., 463 


West St., New York City. Apr. 23, 1903 
Henry, ArtHuR Rosert, General Superintendent, Canadian Electric 
=~ Light,Cos, 12 Laporte St., Quebec, P.O. July 28, 1963 
Henry, Georce Criinton, District Manager, Bullock Electric Mfg. Co., 
Atlanta, Ga. Jan. 3, 1902 


Henry, Georce J., Jr., Engineer The Pelton Water Wheel Co., 143 
Liberty St., N Y., & 127 Main St., San Francisco, Cal. Apr. 27, 1898 


Henry, IRA Watton, Vice-President, and Cable Engineer The Safety 


Cable Co., 114 Liberty St., New York City. May 21, 1901 
Henry, Lewis WARNER, Superintendent, Hudson River Power Trans- 
mission Co., Mechanicsville, N. Y. Feb. 28, 1900 
HERBERT, EDWARD, Western Electric Co., 259 South Clinton St.; res., 111 
Loomis St., Chicage, Ill. Oct. 24, 1902 
Heropt, Louis A., Lecturer on Electrical Engineering, McGill University, 
Montreal, Canada. May 16, 1899 
HeERMESSEN, JOHN Louis, Engineer, Commercial Department, Mexican 
Gen. Electric Co., Mexico, D. F., Mexico. Jan. 20, 1897 
Herrick, AtBerT B., Consulting Electrical Engineer, 120 Liberty St., 
; New York City; res., Ridgewood, N. J. May 21, 1901 
Herzoc, Joser, Chief of Installations Department, Ganz & Co., V. Elisa- 
betplatz, 1 Budapest, Austria-Hungary. Jan. 3, 1902. 
Hesketu, Joun, Electrical Engineer, Queensland Government, Post and 
Telegraph Dept.,. Brisbane, Queensland. May 21, 1901 
Hess, Apotro G. B., 32 Seventh Ave., Brooklyn, N. Y. Nov. 20, 1903 
Hess, Hervert H., Assistant in Transformer Eng’g Department, General 
Electric Co., Schenectady, N. Y. Apr. 23, 1903 
Hessensrucn, Georce §., E.F., Ph.D., Asst. Engineer to Supt. of 
Structure, 205 Union Station, St. Louis, Mo. - June 27, 1895 
Hewitt, Cuartes E., President, C. E. Hewitt & Co., Park Row Building, 
New York City. Sept. 25, 1895 
Hewitt, PETER Cooper, 11 Lexington Ave., New York City. 
May 21, 1901 
Hewitt, WittiaM R., Chief, Department of Electricity, 9 Brenham PI1., 
San Francisco, Cal. May 15, 1894 
Hewett, Epwarp M., Engineer, General Electric Co., res.; 27 University 
Pl., Schenectady, N. Y. May 19, 1891 


Hickox, FREDERICK 5., Electrical Engineer, Berwyn, Ill. Apr. 23, 1903 
Hitppurcu, WALTER Leo, Student, Columbia University; c/o D. H. 
hue Hildburgh, Hotel Normandie, New York. Dec. 28, 1898 
Ernest Row.anD, Electrical Engineer, The British Westinghouse 

te E.& M. Co., Ltd., 2 Norfolk St., London, Eng. Jan. 25, 1899 
Hirt, G. HENRY, Packwood Boulevard and Union Ave., Schenectady, 
PNM: Jan. 25, 1899 
Nicuotas S., JR., Consulting Engineer, 520 Equitable Bldg., 

ae Petite. Md., and 100 William St., New York City. Aug. 5, 1896 
D., Jr., Electrical Engineer, Hudson River Water Power 
Bees eae INigeYi June 19, 1903 
Tuomas WrLiiaAM NICHOLLS, District Manager and Engineer, 

ee ree eee Canadian General Electric Co., Ottawa, Ont. Mar. 27, 1903 
Hitiman, H. W., General Electric Co., Schenectady, N. Y. Jan. 3, 1902 
Hinpert, Epwin GEORGE, Chief Mechanical and Electrical Engineer, The 


d South Western Traction Co., Elyria, Ohio. 
Cleveland and Sou eee 
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Hines, Cuarites Henry, Electrical Engineer, Mechanical Dep., Cana- 
dian Pacific R. R. Shops, Montreal, P. Q. Apr. 25, 1902 

Hirner, Harry Ferman, Electrical Engineer, American Window Glass 
Co., Farmers Bank Building, Pittsburg, Pa. Sept. 25, 1903 

Hirzerotu, L. D., Engineer, Century Electric Co., 18 Second St., San 
Francisco, Cal. July 26, 1900 


Hixson, CLinton Jerome, Engineer Railway Department, Allgemeine 
Elektricitats-Gesellschaft Ackerstrasse 71, Berlin. Nov. 21, 1902 
Hoaptey, Georce A., Professor of Physics, Swarthmore College, Swarth- 


more, Pa. May 19, 1903 
Hoac, Geo. M., City Electrician, City of Cleveland; res., 317 Hough 
Ave., Cleveland, Ohio. April 28, 1897 
Hopsie, ARTHUR Casson, Cauvery Falls Power, Scheme Livasamudram 
Mysore Prov., India. Mar. 27, 1903 
Hosein, CHARLES AuGustus, JR., Power Department, St. Louis Transit 
Co.; res., 8325 No. Boyle St., St. Louis, Mo. June 19, 1903 
Honpce, CHARLES, Salesman, Westinghouse E. & M. Co., 1504 Continental 
Trust Bldg., Baltimore, Md. Mar. 28, 1902 
Hopce, Ropert WALTER, Prest. Hodge-Walsh Elec. Eng’g Co.; res., 623 
Independence Boulevard, Kansas City, Mo. Jan. 23, 1903 


Hopce, Setu Evans, Student, Cornell University; res., 107 Edgemoor 
Lane, Ithaca, N. Y.- June 19, 1903 
Hopce, WitiiAM B., Electrical Engineer, Queen & Co., 1010 Chestnut 


St., Philadelphia, Pa. Dec. 28, 1898 
Hovces, GEorGE Hanwoop, Electrical Engineer, The New York Tele- 
phone Co., 15 Dey St., New York City.-  * Apr. 23, 1903 
Hopces, W1Lt1AM Lemmon, Sales Manager, National Battery Co., 253 
Broadway, New York City. Apr. 26, 1901 
Hopcxinson, Francis, Mechanical Engineer, The Westinghouse Machine 
Co., East Pittsburg, Pa. May 20, 1902 
Hopecson, Ceci, Electrical Engineer with Stephens & Tyler, 960 Monad- 
nock Block, Chicago. Sept. 26, 1902 
Hopason, Jos—EpH ERNEST, Engineer, United Gas Improvement Co. 
Philadelphia, Pa. Apr. 23, 1903 
HorrrMann, ALEXANDER O., Superintendent of Electric Cable Works, 
American Steel and Wire Co., Worcester, Mass. May 19, 1903. 
Horrman, WitiiaM Levi, Electrical Engineer, Columbia Improvement 
Co.; res., 230 C. St.,. Tacoma, Wash. Oct. 23, 1903 
HOFFMANN, BERNHARD, New York Telephone Co., 15 Dey St., New York 
City. Nov, 23, 1898 


HoFrrMan, FRANK, Electrical Engineer, Owl Creek, Mo. Sept. 25, 1903 
Horman, Louis, Chief Engineer, Wessell, Nickel & Gross, 457 W. 45th 
St.. New York City. Mar. 27, 1903 
Hocan, Cuarves WILtiam, Germania Electric Lamp Co., Harrison, N. J. 
Mar. 28, 1902 

Hocan, Tuomas Jerrerson, New York Edison Co., 57 Duane St.; res., 


611 E. 148th St., New York City. Sept. 25, 1903 
Hocie, CHartes Epwarp, Acting Foreman of Testing Depart t 
Edison Electric Co., Los Angeles, Cal. ° ! Soy aniuen 


HoLBERTON,.GEORGE C., General Supt., Electric Dept., Oakland G 
Light and Heat Co., 13th"& Clay Sts., Oakland, Cal. F May 15 1804 

Horsprook, FREDERICK Montcomery, Electrical Engine GC oy 
Wheeler Co., Old Colony Building, Chicago, Ill. a Sept. Saath 

Hotcoms, EuGENE, Representative Engineer, Westingh 
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Hoven, Epcar B., Jr., Constructing Engineer, General Electric Co., 
Niagara Falls, N. Y.; res., Albany, N. Y. Sept. 25, 1903 


Hotprece, Henry AtTKrnson, General Manager, Omaha Electric Light 
& Power Co., N. Y. Life Bldg., Omaha, Neb. Sept. 25, 1903 
Ho.iey, Cart Hiram, Chief Engineer, The Mt. Whitney Power Co. 
Brown Building, Visalia, Cal. ; ‘Sept. 26, 1902 
Ho.uins, GEORGE Grunpy, Student, Stevens Institute of Technology, 
Hoboken; res:, 119 Harrison Ave., Montclair, N. J. Mar. 27, 1903 


Hottos, Josepu, Principal Engineer, Hungarian Telegraph Administra- 
tion Tel. Department, Budapest, Austria-Hungary. May 19, 1903 


Horman, GEORGE Utysses GRANT, General Manager, The Canadian Elec- 
tric Light Co., Ltd., 12 Laporte St., Quebec; P,Q: Apr. 25, 1902 


Hortman, Mrnarp Larever, General Superintendent, Missouri Edison 
Electrit Co.; res., 3744 Finney Ave., St. Louis, Mo. Feb. 27, 1903 


Hotmes, Duncan ARGYLE, Student, Columbia University; res., 203 W. 


79th St., New York City. Mar. 27, 1903 
Hoitmes, Gwytityn R., Holmes-Rose Electric Co., 215 Calvert St., res.; 
2842 Parkwood Ave., Baltimore, Md. Jan. 24, 1900 

Hort, MaRMADUKE BurRRELL, Mining and Electrical Engineer, Silverton, 
; Colo. Apr. 15, 1890 
Houtzer, CuHas. Wm., President Holtzer-Cabot Electric Co., Brookline, 
{Life Member.! Mass. May 21, 1901 
Homme , Lupwic, with The O. Hommel Co., 110 Market St., Pittsburg, 
Pa. Jan. 20, 1897 


Honey, Witiiam, Electrical Engineer, The Mexican Gas and Electric 
Light Co., Station Clara No. 7, Mexico City, Mexico, Feb. 27, 1903 
pE Hoor-Temris, Maurice, Professor at the Royal ‘University of Tech- 
nical Sciences, Budapest II., Zsigmondutca 9, Hungary. 
Nov. 20, 1903 
Hopz, Harry Mitrorp, Engineering Department, Chicago Edison Co., 
139 Adams St., Chicago, Ill. Apr. 23, 1903 
Hopewe tt, Cuas. F., Fire Alarm and Police Telegraph, City of Cam- 
bridge, City Hall; res., Cambridgeport, Mass. Aug. 13, 1897 
Hopkins, Nevir Monroe, M.S., Instructor in Chemistry and Electro- 
chemistry, Columbian Univ. Washington, D. C. Nov. 20, 1895 
Hopkins, N. S., Designing Engineer, Fort Wayne Electric Works, Fort 
Wayne Ind 4 ; ' Apr. 27, 1898 
Hopkins, Ropert: Mine, Assistant C. A. Chapman. 1041 Marquette 
Bldg., Chicago; res., 621 Foster St., Evanston, Ill. Nov. 20, 1903 
Hopxins, Rosert S., Testing Department, Bullock Electric Mfg. Co., 


St. Paul Bldg., New York City. July 28, 1903 
Hopton, WALTER Epwin, Solway Process Co., Syracuse, N. Y. 

Apr. 26, 1901 
Horn, Haro p J., E.E., Assistant Superintendent Bare Wire Department, 
; John A. Roebling’s Sons’ Co., Trenton, N. te Mar. 22, 1899 
Horry, Witiiam Smit, Electrician Union Carbide Co., Niagara Falls, 

be Yi Dec. 19, 1902 


Hoven, Benjamin Kent, Electrical Engineer, New York Edison Co., 57 

Duane St., New York City; res., Westfield, N. J. Apr. 25, 1902 
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Howe, James CarteTon, Assistant Engineer, The American Telephone ~ 


and Telegraph Co., 125 Milk St., Boston, Mass. Dec. 19, 1902 
Howe, Wintnrop Kerrtn, Assistant Engineer, Taylor Signal Co., 1738 


Elmwood Ave., Buffalo, N. Y. Mar. 22, 1901 
Howet.t, Davin JANNEY, Secretary-Treasurer and Manager, Welch 
Water, Light and Power Co., Washington, D.C. Sept. 25, 1903 


Howes, Rozert, Asst. Supt. of the Light and Power System, The Wash- 


ington Water Power Co., Spokane, Wash. Jan. 25, 1901 


Howson, Husert, Patent Lawyer, 38 Park Row, New York City. 
June 8, 1887 


Hoxie, GrorceE L., Westinghouse, Church, Kerr & Co., 8 Bridge St., New 


York City. Feb. 28, 1901 
Hoxie, Hart Farrincton, Electrical Engineer, 945 State St., Schenec- 
tady, N. ae Oct. 24, 1902 
Hoyt, Harry CampsBett, Motor repair man, St. Louis Transit Co., 1121 
E. Whittier St., St. Louis, Mo. June 19, 1903 
Husgparp, Arzert S., Gould Storage Battery Co., Astor Court Bldg., 25 
W. 33d St.; res., Greenwich, Conn. Nov. 20, 1895 
Hupsarp, Witiiam C., with Westinghouse Electric & Mfg. Co., 120 
Broadway, New York City. Apr. 18, 1894 
Husrecut, Dr. H. F. R., Director, Nederlandsche Bell Telephone Co., 
Amsterdam, Holland. Oct. 4, 1887 
Hupcson, Joun Howarp, Draftsman, Electro-Dynamic Co.; res., 38 N- 
36th St., Philadelphia, Pa. Dec. 18; 1903 
Hupson, Harry Pratt, Testing Department, General Electric Co.; 
res., 229 Liberty St., Schenectady, N. Y. Sept. 26,1902 


Hvets, Freperick Witriam, Asst.in Engineering Laboratories, Univer- 
sity of Wisconsin; res., 115 State St., Madison, Wis. Dec. 18, 1903 
Hucuet, Cuas. K., Electrical Engineer, 753 Jackson Boulevard, Chicago, 
Ill. June 27, 1895 
Hutt, MarmMapuke Curtis, Contracting Agent, The Columbus Edison 


Co.; res., 332 W. Sth Ave., Columbus, Ohio. Mar. 27, 1903 
Hutse, Wo. S., Electrical Engineer, with Union Elektricitats Gesells- 
chaft, Dorotheen Str. 43, Berlin, Germany. Mar. 25, 1896 
Humiston, Jonn Means, The Chicago Telephone Co., 203 Washington 
St.; res., Berwyn, II. May 19, 1903 
Humpnrey, Carvin B., Office Manager, Westinghouse Electric and Mfg. 
Co., 711 Neave Building, Cincinnati, Ohio. Apr. 25, 1902 
Humpnrey, Ciirrorp Wang, Engineer, The Denver Gas and Electric Co.; 
res., 405 17th St., Denver, Colo: Mar. 27, 1903 
HuMPHREYS, C. J. R., Humphreys and Glasgow, 31 Nassau St., New York 
City. Sept. 6, 1887 
Hunt, Artuur L., Harrisburg Foundry and Machine Works, 114 Liberty 
St., New York City. Sept. 19, 1894 
Hunt, Cuartrs WALLACE, President, C. W. Hunt Co., 45 Broadway, New 
York City. Apr. 25, 1902 
Hunt, SAMUEL ParRKER, Electrical Engineer, 747 Union St.. Manchester 
[Life Member.} N. H. Apr: 23; 1903 
Hunt, WALTER Simeon, Assistant Superintendent, Limon Electric Light 
and Power Plant, Port Limon, Costa Rica. Apr. 23, 1903 
Hunter, Mavone C., Electrical Engineer, St. Joseph R. R. Light, Heat 
& Power Co., St. Joseph, Mo. Sept. 26, 1902 
Hunttey, Cuas. R., General Manager, Buffalo General Electri 
Court St., Buffalo, N. Y, Sept, 26, 1898 
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Hurp, CHARLES Henry, Consulting Engineer, Indianapolis and Chicago; 


tes., 39 The Lexington, Indianapolis, Ind. Noy. 20, 1903 
Hutcuines, JAMEs Tyter, Electrical Engineer Assistant, The Philadel- 
phia Electric Co., Philadeiphia, Pa. Apr. 23, 1903 
HurTcuHinson, FREDERicK L., Manager Electrical Sales, National Electric 
Company, Milwatkee, Wis. June 20, 1894 
Hurcuinson, Roiin Wi rziiam, Jr., Polytechnic Institute; res., 294 
Clintoa Ave., Brooklyn, N. Y. Jan. 3, 1902 
Hype, JAMES CLARK, Foreman Test Department, Canadian General 
Electric Co., Ltd., Peterborough, Ont. Apr. 23, 1903 
Hype, J. E. Hrnvon, Patent Lawyer, 120 Broadway, New York City. 
Jan. 24, 1900 
IDELL, FRANK E., Havemeyer Building, 26 Cortlandt St., New York City. 
July 12, 1887 
Trjima, ZenTARO, Electrical Engineer, Shibaura Engineering Works, 1 
Shinhamacho, Tokyo, Japan. Jan. 22, 1896 


InsutLt, Martin J., 2d Vice-President and G. M., General Incandes- 
cent Arc Light Co., 529 W. 34th St., New York City. Nov. 22, 1899 


INSULL, SAMUEL, President, Chicago Edison Co., 139 Adams St., Chicago, 
Til. 


: Dec. 7, 1886 

Twabare, Kunruikxo, Electrician, Nippon Electric Company, 2 Mita 
Shikokumachi Shibaku, Tokyo, Japan. Sept. 20, 1893 
Jackson, Henry Docuer, Electrical Engineer, 83 Newbury St., Bos- 
ton, Mass. Apr. 23, 1903 
Jacosson, Jutius R., Special Employee, General Electric Co., Schenec- 
_ tady; res., 310 Almond St., Syracuse, N. Y. Oct. 24, 1902 
Jacosus, Davip Scuenck, Professor Experimental Engineering, Stevens 
Institute of Technology, Hoboken. , Sept. 25, 1903 
JaEGER, Cuarves L., Inventor, Electric Recording Ship Apparatus, Lab- 
oratory, 132 Mulberry St., New York, N. Y. Dec. 20, 1893 
James, Henry Dvuvatt, B.S., M.E., Engineer, Westinghouse E. & Mfg. 
Con eittspure, bas Nov. 238, 1898 
James, Tupor Conway, Electrical Engineer, Lake Superior Power Co., 
1500 Grand Ave., Kansas City, Mo. Feb. 27, 1903 
Jameson, CHaries Situ, Assistant Foreman Installation and Meter 
Department, General Electric Co., Lynn, Mass. May 19, 1903 
Janes, CraupE MInnis, Erecting Engineer, Stanley Electric Mfg. Co.; 
res., 214 Second St., Pittsfield, Mass. Apr. 23, 1903 
Janrscu, CHARLES, Chief Engineer, The Siemens & Halske Co.; Siegmunds 
No, 12, Berlin, Ger. Oct. 25, 1901 
Janney, WitiiaM Cansy, Electrical Engineer, Dodge & Day (Nicetown) ; 
res., 3412 Hamiltor. St., Philadelphia, Pa. June 19, 1903 
Jaguars, Homer M., Canada Life Building; res., 862 Sherbrooke St., 
Montreal, P. Q. _ Dec. 27, 1899 
Jerrrey, JoHN RussEL, Assistant General Manager Sales, Bullock 
Electric Mfg. Co., Cincinnati, Ohio. Dec. 19, 1902 


Jerrries, Tuomas Irvine, Arc Lamp Testing Dept., General Incandes- 
cent Arc Light Co., 572 First Ave.,New York City. Apr. 23, 1903 


Jenks, ARTHUR PERKINS, Railway Department, General Electric Co.; 


res,, 27 Front St., Schenectady, N. Y. May 21, 1901 
ENKINS, JoHN Evan, Chief Operator, Western Union Telegraph Co., 
J i sclati Colo. Mar. 27, 1903 


Jessup, WARREN CANFIELD, Sales Engineer, The Cutter Electric and Mfg. 
Co.; res., 1728 Spring Garden St., Philadelphia, Pa. Sept. 25, 1903 


(28) 


366 ASSOCIATES. 


Jewett, Epwarp W., Manager, Jewell Electrical Inssrument Co.; res., 
1036 Park Ave., Chicago, Ill. Apr. 23, 1903 
Jewett, FrRanK BaLDwin, Student, Mass. Inst. Technology; res., Tech- 
nology Club, Boston, Mass. Jan. 23, 1903 
Jewson, Frank Knicut, Telephone Engineer, The Western Electric Co., 
North Woolwich, England. May 19, 1903 


Josnins, Georce Gisert, Chief Assistant Engineer, Electric Light and. 


Traction Co., of Australia, Melbourne, Vict. Apr. 23, 1903 
Jouann, CHARLES SHEPPARD, Electrical Engineering Student, Westing- 
house Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 
Jouns, Ettwoop C., Electrician, The United Electric Light & Power Co.» 
of N. J.; res., 161 Virginia Avé., Jersey City, N. J. Feb. 27, 1903 
Jounson, ALBERT C., Superintendent and Electrician, Electric Light and 
Water Works, Willmar, Minn. May 16, 1890 


Jounson, CHARLES, E., C.E., 36 Wall St., Norwalk, Conn. May 15, 1900 - 


Jounson, CHARLES Woop, Production Manager, Bullock Electric Mfg. 


Co.; res., 2272 Jefferson Ave., Norwood, Ohio. Feb. 27, 1903 
Jounson, Francis Porter, Electrical Engineer, Western Electric Co., 259 
South Clinton St., Chicago, Ill. Mar. 27, 1903 
Jounson, Howarp S., Jeffrey Mfg. Co., 303 Kanawha St., Charleston, 
W: Va. Mar. 22, 1899 
Jounson, Jason A., Electrician, Niagara Falls Power Co.; res., 544 10th 
St., Niagara Falls, N. Y. ; Sept. 25, 1903 
Jounson, Joun C., Electrician, Westinghouse E. & M. Co.; res., 31 West 
Clinton St., Cleveland, Ohio. Sept. 25, 1903 
Jounson, Montcomery Hunt, President, Johnson & Morton, 44 Whites- 
boro St., Utica, N. Y. Feb. 27, 1903 
Jounson, Watrace Ciype, Consulting Engineer, Water Power and 
Transmission, Niagara Falls, N. Y. Mar. 22, 1901 
Jounson, WaRREN S., Johnson Electric Service Co., 120 Sycamore St., 
Milwaukee, Wis. : Sept. 27, 1901 
JOHNSON, WOOLSEY McA.pineE, Electro-Metallurgist, Lanyon Zinc Co., 
Iola, Kan. Mar. 28, 1902 
Jounston, Hersert L., Electrical Engineer, The Hobart Elec. Mfg. Co., 
Troy, Ohio. Jan. 23, 1903 


Jounston, James Ewinc, Engineer and Superintendent, Mountain 
Electric Co.; res., 1111 Detroit St., Denver, Colo. Sept. 25, 1903 


Jounston, Ricuarp Harry, Assistant, R. D. Lillibridge, 170 Broad-vay, 


New York;, res., 972 Park Pl., Brooklyn, N. Y. Oct. 24, 1992 
Jounston, Tuos. J., Counsel in Patent Causes, 11 Pine St., New York 
City. May 16, 1899 
Jounston, W. J., President, The Engineering and Mining Fournal, 261 
Broadway, New York City. Apr. 15, 1884 
Joxrry, Joun MacCaruivu, Electrical Engineer, Noyes Bros., 109 Pitt St. 
Sydney, N.S. W. Oct. 24, 1902 
‘Joty, Henri Louis, Battery Expert and Chemist, The Electromobile Co. 
Ltd., London, Eng. Feb. 27, 1903 
ONES, ARTHUR W., Managing Dir i i 
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Jones, Forrest R., Professor, Cornell University, Ithaca, N. Y. 
May 20, 1890 


Jones, FreD i emots: Consulting Electrical, Mechanical and Hydrauli 
Engineer, 303 Binz Building, Houston, Tex. Jan. 24, 1902 


Jones, G. H., Agent, General Electric Co., Casilla, 1317 Santiago, Chili. 
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Jones, Grorce Harvey, Assistant Engineer, Chicago Edison Co., 139 
Adams St.; res., 6531 Woodlawn Ave., Chicago, Ill. Dec. 19, 1902 


Jones, M. E., 443 First St., Brooklyn, N. Y. Oct. 27, 1897 
jones, RoBert Cray, Turnbull & Jones, Electrical Engineers and Con- 
tractors, Dunedin, N. Z. Oct. 24, 1902 


Jones, WaLTER J., With Hendrie & Bolthoff, 1621 17th St., Denver, Colo. 
_ May 20, 1902 
Jostin, ARBA VANDERBURG, Transformer Inspector, Antioch, Cal. 


; Oct. 24, 1902 
Jostyn, Rotanp ArTHuR, Student, General Electric Co., West Lynn, 

Mass. Apr. 23, 1903 . 
JouRDAN, FREDERICK Morton, Supply Agent, General Electric. Co.; res., 
28 Atlantic Terrace, Lynn, Mass. Apr. 23, 1903 


Joyner, ALBERT Henry Winter, Electrical Engineer, Edison Electric 
’ Illuminating Co., 576 Atlantic Ave., Boston, Mass. Sept. 26, 1902 


' Jupson, Hanrorp Cuase, Assistant Engineer General Electric Co., Dobbs 
Berrys Ney. Apr. 25, 1902 


_Jupson, Wm. Pierson, Deputy State Engineer, of New York, Albany; 
res., Oswego, N. Y. June 8, 1887 
Juutin, Gustav Apotr, Assistant Electrical Engineer, Dick Kerr & Co.,: 
Ltd., West Strand Road, Preston, Eng. Oct. 23, 1903 


JUNKERSFELD, Peter, ( Local Honorary Secy.,) Asst. to Mechanical Engi- 
neer, Chicago Edison Co., 139 Adams St., Chicago, Ill. Oct. 251901 


KaETKER, Henry, Foreman of Switchboard and Controller Department, 


Triumph Electric Co., Cincinnati, Ohio. Feb. 27, 1903 
KammMeErRER, Jacos A., General Agent, The Royal Electric Co.; res., 87 
Jameson Ave., Toronto, Ont. Apr. 28, 1897 


Kappetita, ApoLtpu Somers, Railway Engineering Department, General 
Electric Co.; res., 1231 State St., Schenectady, N. Y. Oct. 24, 1902 


KARAPETOFF, WALDIMIR, Special Apprentice, Westinghouse E. & M. Co.; 


res., 804 Wood St., Wilkinsburg, Pa. Feb. 27, 1903 

- Karre, Epwin Britton, Electrical Engineer, N. Y. Cassa Re Re RCo: 
Grand Central Station, New York City. Feb. 27, 1903 
Kepney, Lynn, STEINForRT, Electrician in charge of Power House, The 

'  Jalapa Railroad and Power Co., Jalapa, Mexico. May 19, 1903 
Keerer, Epwin S., Supt. of Electric Light Construction, Western 
Electric Co., 463 West St., New York City. Apr. 18, 1894 


KeeEcer, Irvinc PuHeEtps, Superintendent of Power and Construction, 
Asheville Electric Co., Asheville, N.C. : 
Keitry, Joun D., Asst. Electrical Engineer, N. Y.C. & H.R. R.R.,5 


Vanderbilt Ave., New York City. July 25, 1902 
KeritHoitz, P. O., General Manager, United Electric Light and Power 
Co., Continental Trust Building, Baltimore, Md. Mar. 21, 1893 


Cart A., Chicago Edison Co., 139 Adams St., Chicago, Il. 
eae . Sept. 27, 1901 


KELLER, E. E., Vice-President and General Manager, Westinghouse 


Machine Co., Pittsburg, Pa. Sept. 20, 1893 
KeEiiocc, JAMEs GIFrorpD, Student, Cornell University; res., Sigma Phi 
es Ithaca, N. Y. Noy. 20, 1903 
Ketioce, James W., M.E., Manager Marine Sales, General Electric Co.; 
io Front St., Schenectady, N. Y. June 26, 1891 


LLY, JoHN WesLey, JR., Superintendent of Equipment Keystone 
= Po tenone Co., 135 South 2d St., Philadelphia, Pa. Dec. 18, 1903 
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368 ASSOCIATES. : 


Key, THomas Francis, Construction and Electrical Engineer, Electric 
Storage Battery Co., 1427 Marquette Bldg. ,Chicago. 
Dec. 18, 1903 
KeEtsry, JAMES CEZANNE, Purdue University, Lafayette, Ind. 
; i , Nov. 23, 1900 
Kennepy, A. P., Electrical Engineer, Yates, Tallapoosa Co., Ala. 
[Lite Memher.] Apr. 26, 1899 
Kent, James Marty, Instructor in Steam and Electricity, Manual Train- 
ing High School, Kansas City, Mo. July 26, 1900 
Kenyon, ALFRED Lewis, Electrical Engineer, General Electric Co., 
Schenectady, N. Y.; res., Lima, Peru, S. A. Sept. 25, 1903 
Ker, W. Watrace, Instructor of Electricity, Hebrew Technical Institute, 
36 Stuyvesant St., New York City. Sept. 25, 1895 
Kerr, SAMUEL Ross, Testing Department, Bullock Electric Mfg. Co.; res., 
cor. Norwood Ave. & Marion St,, Norwood, Ohio. Jan. 3, 1902 
KERSHNER, JEFFERSON E., Consulting Engineer, The Lancaster County 
R. & L. Co.,-445 W. Walnut St., Lancaster, Pa. Jan. 3, 1902 
Kertcuam, Joun Bryant, Branch Manager, New York Edison Co., 207 
Greene St.; res., 4196 Park Ave., New York City. Apr. 23, 1903 
Keyes, Curt Button, Erecting Engineer, General Electric Co., Schen- 
ectady, N. Y. July 28, 1903 
Kier, SAMUEL Martin, Electrical Engineering Dept., Westinghouse E. & 
M. Co:; res., 5820 Callowhill St., Pittsburg, Pa. Jan. 24, 1902 
KimpaLt, FrepD Mason, Manager, Small Motor Department, General 
Electric Co., 84 State St., Boston, Mass. Apr. 23, 1903 
Kinc, ARTHUR CHARLES, Engineer Northern Electric Mfg. Co., Madison, 
Wis. Nov. 20, 1903 
Kinc, Cuartes G. Y., Mechanical Engineer, Chicago Edison Co., 139 
Adams St., Chicago, Ill. Apr. 23, 1903 
Kinc, Harry R., Electrical Engineer, Western Electric Co., 259 S. 
Clinton St., Chicago, Il!. Nov. 22, 1901 
Kine, R. O., 32 Church St.; res., 503 Markham St., Toronto, Ont. 
‘ Sept. 26, 1903 
Kine, Vincent C., Jr., With V. C. & C. V. King, 517 West St.; res., 110 


E. 16th St., New York City. Aug. 5, 1896 
KInNEcOM, FRED OrrIN, General Manager, Electrical Department, 
Charles S. Bush Co., Providence, R. I. Mav 19, 1903 
KINSELL, Writr1aM Leonarp, Mechanical and Electrical Engineer, ’ Chi- 
cago Great Western Railway, St. Paul, Minn. Dec. 18, 1903 
Kinstey, Cart, Assistant Professor of Physics, University of Chicago, 
Chicago, Ill. May 18, 1897 
KINTNER, CHARLES JACOB, Solicitor of Patents and Expert, 45 Broad : 
res., 36 E. 29th St., New York City. a Feb. 28, 1903 


Kirker, Harry Lepper, Estimating and Erecting Engineer, The British 
Westinghouse E. &. M Co., Ltd., London, Gag Feb. 27, 1903 


Kirtrcer, Dr. Erasmus, Professor at the Technical High School, Darm- 


stadt, Germany. Dec. 16, 1896 
Kiauper, Rupoipx H., Electrical Engineer, 41 West Philena St., Phila- 

delphia, Pa. Aug. 13, 1897 
Kien, Ricuarp M., Electrical Expert Bureau of Equi 

Department, Washington, D. C. Se Share es 
Kuinck, J. Henry, Electrical Engineer, Lehigh Valley R. R., South 

Bethlehem, Pa. Jan. 16, 1895 
Kune, JAMEs Josepu, Engineer, Stanley Electric Mfg. : ; 

Grove Inn, Pittsfield, Mass. v : ~ paula aoe 
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KuippHaun, Emit Oswa.p Ernest, Building No. 16, General Electric 


Co., Schenectady, N. Y. Apr. 23, 1903 
Krock, Raymonp A., Assistant Electrical Engineer, the U. S. Signal 
Corps, Signal Office, Washington, D. C. Mar. 27, 1903 


Kioman, THEODORE W., Manager and Treasurer, The John F. Kelly 
Engineering Co., 149 Broadway, New York City. June 19, 1903 
Kiumpp, Joun BarTLeMAN, Assistant Inspecting Engineer, The United 


Gas Improvement Co., Philadelphia, Pa. Dec. 19, 1902 
Knicut, Ciimpson Moore, Superintendent, Empire State Power Co., 
Amsterdam, N. Y. Apr. 23, 1903 
Knicut, Eary Raw incs, Engineer, Bullock Electric Mfg. Co., Norwood, 
Ohio. Feb. 27, 1903 
Kwicut, Georce Laurence, New York Edison Co., New York City; res., 
13 St. James Pl., Brooklyn. May 19, 1903 


Knicut Percy Henry, 808 Broadway, Seattle, Wash, Mar. 28, 1902 
KnicutT, SEymour, Designer, The General Electric Co.; res., 310 Clinton 


St., Schenectady, N. Y. May 19, 1903 
Know ton, FREDERICK Kirk, Secretary, Knowlton and Beach Co., 
Rochester, N. Y. Dec. 19, 1902 
Knox, Frank H., Engineer, 811 Lewis Building, Pittsburg, Pa, 
june 20. 1894 
Knox, Gso. W., President, Knox Engineering Co., 1409 Fisher Building, 
Chicago, Lil. Nov. 18, 1896 
Knox, S. L. G., Manager and Chief Engineer, Bucyrus Co., South Mil- 
waukee, Wis. Noy. 23, 1898 
Kopama, Hayapzucut, Chief Engineer, Tokyo Electric Ry., 33 Uchis- 
auvaicho Kojimachekn, Tokyo, Japan. July 25, 1902 
Koc1, Torajrro, Consulting Engineer, Kurumaya-Cho, Nijo, Kyoto, 
Japan. June 19, 1903 
Konisu1, TAMENOSUKE, Investigating Engineer, Shibaura Engineering 
Works, Tokyo, Japan. Sept. 25, 1903 
Korst, Purire Haron, Secretary and Manager, Janesville Electric Co., 
Janesville, Wis. June 19, 1903 
W.A., Mining Engineer, Vladivostock, East Siberia. 

KOUSNETZOFF, g sees 
Kratz, ARTHUR Bryson, Manager, Kellogg Switchboard and Supply Co., 
Electric Bldg., Cleveland, Ohio. ; Dec. 18, 1903 
Kreipter, W. A., Editor and Publisher, Western Electrician, 510 Mar- 
is quette Building, Chicago, Ill. Oct. 4, 1887 
Kroun, SicvaLp, Electrical Engineer, Union Elektricitats-Gesellschaft, 
Berlin, Ger. July 28, 1903 
Kruesi, Aucust H., Designing Engineer, General Electric Co.; res., 16 
: Union St., Schenectady, N. Y. Jan. 9, 1901 
€ :, Manager, Sunlight Lava Mfg. Co., Chattanooga, 
"ENS a ae a 5 Oct. 25, 1901 
i i i i Come tesee 7 

Kunze, Ruporpu I., Electrical Engineer, Otis Elevator Co.; 2 
* Culver St., Yonkers, N. Y. Nov. 20, oe 
nocu James, Chief Engineer, Canadian General Electric Co., 14 King 
ad ao Toronto, Ont. Apr. 23, 1903 
r R, CHarRvéEs A., Assistant Superintendent and Electrical Engineer, 
a Pee rance Thresher Co., Battle Creek, Mich. Sept. 25, 1903 
LaFrore, JoHN ARMAND, Electrical Engineer, Overbrook, me reat 
, . . f * . A 2 2304 

BE, WALTER, Erecting Engineer, Triumph Electric Co.; Tes., 2¢ 
aes Victor St., Cincinnati, Ohio. Apr. 23, 1903 
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370 ASSOCIATES. 
Lake, Epwarp N., Engineer, Chicago Edison Co., 139 Adams St.; res.,227 
Jackson Park Terrace, Chicago, Ill. Apr. 238, 1903 
Lams, FRANCIS JOSEPH, Electrical Engineer, Lamb & Co., 284 Lagrave 
St., Grand Rapids, Mich. Jan. 3, 1902 
Lams, Ricuarp, Chief Engineer, Brooklyn Dock: and Terminal Co., 136 
Liberty St., New York City. . Dec. 18, 1895 
Lamy, C. A., Asst. Engineer, Lighthouse service, res., Tompkinsville, N.Y. 
Jan. 23, 1903 


Lanp, Frank, .E., Secy. and Treas., I. A. Weston Co., ; res. 102 High- 
land Ave., Syracuse, fe Sept. 22, 1891 
LANnpERS, GEORGE ForEeMAN, Captain Artillery Corps, Thurmont Freder- 
ick Co., Maryland. Nov. 20, 1903 
Lanc; ArtHUR Gorpon, Tester, Edison Storage Battery (.., Glen Ridge, 
rae Neat Sept. 25, 1903 
Lanc, Epmunp, Purchasing Agent, Wheeler Condenser and Engineering 
Co., 120 Liberty St., New York City. Feb. 27, 1903 

Lanc, GrorcE Stuart, Engineer, Beeché, Duval & Co., Valparaiso, Chili. 
Jan. 23, 1903 

LancsporF, ALEXANDER Suss, Asst. Prof. Elec. Eng’g, Washington Uni- 


versity, St. Louis, Mo. : Jan. 23, 1903 
LanMaN, WittiaM H., Board of Patent Control, 120 Broadway, New 
York City. 3 June 6, 1893 
LANPHEAR, Burton §S., Assistant Professor of Electrical Engineering, 
Iowa State College, Ames, Ia. Jan. 16, 1895 
LaNpHieR, Ropert Carr, Superintendent and Electrician, Sangamo 
Electric Co., Springfield, Ill. Nov. 22, 1901 


Lansincu, VAN RENSSELAER, Electrical and Illuminating Engineer, 18 E. 
Adams St.; res., 5329 Kimbark Ave., Chicago, Ill. Aug. 23, 1899 


LANSLEY, Witi1am J., General Manager, Carteret Electric Light Co., 


Woodbridge, N. J. Apr. 23, 1903 
LarKE, WittraM James, Manager, Power and Mining Dept., Briti 
Thomson-Houston Co., Lid., Rugby, Eng. : ene 25, re 
Latuam, Harry Mitton, With American Steel and Wire Co., Worcester 
Mass. Dec. 16, 1896 
Latour, Martius CuHarLes ArtTHuR, Electrical Engineer, 22 Rue de 
Vocqueville, Paris, France. June 19, 1903 
LAURIE-WALKER GEORGE LivinesTon, Engineering Apprentice We. ine- 
house Electric and Mfg. Co., Pittsburg, Pa. Bg May 19, 1008 
LAWLER, Justus CLaupe, Assistant, Colorado Springs Electric Co., 107 
East Kiowa, Colorado Springs, Colo. Dec. 18. 1603 
LAWRENCE, Wm. G., Manager of Light and Power Department, Town of 
Hudson, Hudson, Mass. Feb. 28, 1900 


Lawrence, W. H., Assistant Superintendent, Waterside Stati 
Now. Baise, Go, Seth Gt omelet AvercNew vane aio sana 
és Apr. 26, 1899 
Lawson, James T., Assistant to Superintendent United Electric Co., of 
New Jersey, 14th and Bloomfield Sts., Hoboken, N.J. Aug. 22 1902 
Lawton, ArtHuR Hamitton, Assistant Electrical Engineer, The Hudson 


River Electric Co., Glens Falls, N. Y. May 19, 1903 
Lawton, Epwin FRANKLIN, Superintendent, Hartford Electric Light Co 
tes., 100 Sargeant St., Hartford, Conn, Sept. 25 1903 


Lawton, Francis N., Superintendent, The Gas and E i 
Bergen Co., Hackensack, N. J. cites yeas 
LAYTON, es Electrical Engineer, British Westinghouse E. & M Co,: 
res., ; i : “1909 
on Ss ancaster Park, Richmond, Eng. Jan. 3, 1902 


ASSOCIATES. 371 


Lear, Joun Emery, Student in Testing Department, General Electric 


Co.; res., 86 Park St., Lynn, Mass. Apr. 23, 1903 
Leary, JoHN Josepn, Electrical Engineer, Marconi Wireless Telegraph 
Co., 27 William St., New: York City. Apr. 23, 1903 
Leavitt, Ropert Pazopy, Electrical Engineer, Albany and Hudson 
Railroad Co., Hudson, N. Y. June 19, 1903 
LeBuanc, CHAR Les, Engineer, 7 Rue Meyerbeer, Paris, France. 
Apr. 17, 1895 
Lesianc, Maurice, Consulting Electrical Engineer, Westinghouse Elec- 
tric and Mfg. Co., Paris, France. © Apr. 25, 1902 
LeCrear, Girrorp, Electrical and Mechanical Engineer, Partner Dens- 
more & LeClear, 15 Exchange St., Boston, Mass. Oct. 27, 1897 
LeConrTe, JosepH Nisset, Instructor in Mechanical Engineering, State 
_ University, Berkeley, Cal. Feb. 27, 1895 
Lepoux, A.R., M.S., Ph.D., President of Ledoux & Co. (inc.), 99 John St.; 
res., 39 W..50th St., New York City. Dec: 7, 1886 
LepeRER, Wit11aM, Engineering Department, Chicago Edison Co.; res., 
1113 Lincoln Ave., Chicago, II. July 28, 1903 
Ler, Arpert W., Manager, Concord Municipal Light Plant, Concord, 
_ Mass. Apr. 28, 1903 
Lez, CuaRLes Eucene, Engineer and Salesman, Electric Gas Lighting 
Co., 195 Devonshire St., Boston, Mass. July 28, 1903 
Lee, Joun C., Chemist and Electrician, American Telephone and Tele- 
: graph Co., 125 Milk St., Boston, Mass. Mar. 18, 1890 


Lee, Rosert Mriier, Draftsman, U.S. Army Ordnance Office; res., 
1905 Pennsylvania Ave., N. W., Washington, D.C. June 19, 1903 


Lreps, Morris Evans, President, The Leeds & Northrup Co., 259 North 
Broad St.; res., 3221 N. 17th St., Philadelphia, Pa. Apr. 26, 1901 


Leeps, Norman, Electrical Engineer, Forest St., Stamford, Conn. 


Feb. 28, 1901 , 
LEGRAND, CHARLES, Copper Queen Consolidated Mining Co., 99 John St., 
New York City. Jan. 23, 1903 


Leist, Witi1amM, Member and Constructing Engineer, Jantz and Leist 
Elec. Co., 808 Elm St., Norwood, Cincinnati, O. Mar. 27, 1903 


Leircu, Howarp Wattace, Switchboard Regulator, The New York 
Edison Co., 38th St. & First Ave., New York City. Nov. 23, 1898 


Les.ey, Hucn, Engineer, The Electric Storage Battery Co., 19th St. and 


Allegheny Ave, Philadelphia, Pa. Sept. 26, 1902 
LETHEULE, Paut, Electrical Engineer, Commissioned by French Govern- 
ment, 52 Rue de Clichy, Paris, France. May 17, 1898 
LeuMaN, Construction Supt., Schwarzschild & Sulzberger Co.; 
oe res., 157 West 118th St., New York City. Apr. 23, 1903 


EMANUEL WILLIAM, Special Apprentice, Westinghouse Elec. and 
ais Co., Continental Trust Bldg., Baltimore, Md. Nov. 20, 1903 


Lewis, Henry FREDERICK WILLIAM, 25 College Hill, Cannon St., London, 


England. Mar. 5, 1889 
SamMuEL ByINGTON, Richmond Borough Equipment Co., 395 
Be ead Terrace, New Brighton, N. Y. Feb. 23, 1898 


, ArTtHUR Hecror, Chief Assistant Erection Dept., West- 

Pas a a Electric & Mfg. Co., Ltd., Hampstead, Eng. May 19, 1903 
WiiuiaM Daniz1, Electrical Engineer, Westinghouse Electric and 

poe Vives Co., University Building, Syracuse, N. Y. June 19, 1903 
~ LrtyiBripGe, Ray D., 170 Broadway, New York City. Jan. 24, 1902 
Linpman, Gustav, Chief Draftsman, St. Louis Transit Co., St. Louis, 
Mo.; res., Stockholm, Sweden. May 19, 1903 
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Linpsay, Rosert, General Supt., The Cleveland Elec. Ill. Co., 717 Cuya- 


hoga Building, Cleveland, Ohio. Apr. 27, 1898 
Linpsay, SHERWOOD COLEMAN, Chief Operating Electrical Engineer, The 
Seattle Electric Co., Seattle, Wash. June 19, 1903 
Linpsry, Lucius ArtuuR, B.E., Wire Chief, S. B. T. & T. Co., Raleigh, 
INCE Jan. 23, 1903 
Linpstrom, Kart Arvin, Electrical Engineer, Allmanna Svenska Elek- 
triska Aktiebolaget, Westeras, Sweden. Jan. 23, 1903 


Liste, ArtHUR Beymer, General Representative, Narragansett Electric 
Lighting Co., Providence; res., East Greenwich, R. 1. Jan. 9, 1901 


Linzer, ALBERT CARL, Designing Engineer, Akron Electric Mfg. Co.; 
Akron, Ohio. Feb. 27, 1903 


Littte, C. W. G., Engineering Manager, The British Electric Traction Co., 
Ltd., Donington House, Norfolk St., London, Eng. Apr. 22, 1896 


Livers, JoHn Lz, Electrical Contractor, Woodstock, W. Va. 


Oct. 24, 1902 

Livincston, JoHNSTON, JR., The United Engineering and Contracting 
Co., 113 East 22d St., New York City. May 17, 1898 
Livsgy, J. H., Salesman and Manager Detroit Office, General Electric Co., 
1005 Majestic Building, Detroit, Mich. Apr. 25, 1900 
Lioyp, Epwarp Witu1am, Assistant Superintendent of Construction, 
Chicago Edison Co., 139 Adams St., Chicago. Feb. 28, 1902 
Lioyp, Witit1am Joun, Engineer of Instrument Department, Stanley 
Electric Mfg. Co., Pittsfield, Mass. July 25, 1902 

Lozo, Gustave, Office Engineer, V. M. Braschi & Bro., Callé-Cadera No. 2, 
Mexico City, Mexico. June 28, 1901 
Locke, FREDERICK M., President Locke Insulator Mfg. Co., Victor, N. Y. 
; Apr. 23, 1903 

Lopycurinr, ALEXANDER, 412 Richmond Road, Stapleton, Staten Island, 
IN; Oct. 24, 1902 


LorwENTHAL, Max, Electrical Engineer, Prometheus Elec. Co., 60 Reade 
St., New York City; res. 200 N. 5th St., Newark, N.J. Mar. 23, 1898 


LouMaNnn, ALFRED PERKINS, Manager, Engineering Department, the 
B. F. Goodrich Co., 37 Marshall Ave., Akron, O. Mar. 27, 1963 


LouMann, Ratpu W., Room 312, 79 Wall St., N. Y. City. Nov. 23, 1898 


Lomas, Harotp, Washington Manager, Crocker-Wheeler Co., 535 17th 
St., Washington, D. C. May 19, 1903 


Lorimer, GEO. Wo., Secy. and Treas., The American Machine Telephone 
Co., Ltd., Piqua, Ohio. Aug. 5, 1896 


Lott, Joun Coo.rey, Manager, New York Office, Fort Wayne Electric 
Works, 40 New St., New York City, Mar. 27, 1903 


Louis, Orro T., Manager of New York Branch, Queen & Co., Inc., 59 
Fifth Ave.; res., 1004 W. 130th St., New York City: Feb. 23, 1898 


Lovejoy, D. R., Electrical Engineer, c/o Cataract Chemical Co., Niagara 


Falls N. Y. Apr. 28, 1897 
LovEerinGE, Irvinc, Manager, Bell Telephone Mfg. Co., 18 Rue Bonde- 

wyns, Antwerp, Belgium. Oct /23,1903 
Lowe, Ernest A., Electrical Engineer, Lowe & Leveridge, 183 Greenwich 

St., New York City; res., Plainfield, N. J. : June 19, 1903 
Lowson Davin, Electrical Inspector, N. Y. Board of Educatio 

St. and Park Ave., New York City. Feb. ‘28. ee 


LowENBERG, LAuRENT, Head of Specification Dept., Bullock Electri 
Mfg. Co.; res., 2229 Park Ave., Cincinnati, Ohio. Feb. 27, 1903 
LowTHER, CHRISTOPHER MEYER, 36 Riverside Drive, New York City. 
Nov. 23, 1 
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Lucas, Frep. L., Manager and Engineer, Pontiac Electric Co., Pontiac, 
Il. Jan. 23, 1903 
Lucas, JAMES CLARENCE Merryman, District Manager, Bullock Electric 


Mfg. Co., 8 South St., Baltimore, Md. May 20, 1902 
Lupvicsen, Hans Vatpemar, Electrochemical Engineer, Blaagaardsgade 
17, Copenhagen, Denmark. Nov. 22, 1901 
Luxes, Georce Hott, General Superintendent, North Shore Electric Com 
1319 Orrington Ave., Evanston, II. Oct. 25, 1901 
LunpDELL, Rozert, Electrical Engineer, 527 W. 34th St.; res., 9 W. 68th 
St.,-New York City. Feb. 7, 1890 

Lunoie, Joun, Consulting Engineer, 52 Broadway, New York City. 
Nov. 22, 1899 


Lupke, Franz Paut, Chief Elec. Engineer, South Jersey Gas, Electric and 
Traction Co.; res., 222 East State St., Trenton, N. J. Mar. 27, 1903 


Lusk, WILLiaM CLARDY, Agent, General Electric Co., c/o Chartered Bank 


of India, Australia and China, Calcutta, India. Sept. 26, 1902 
Lyrorp, Otrver S., Jr., Westinghouse, Church, Kerr & Co., 8 Bridge St., 
New York City. Apr. 26, 1899 
Lyman, CHEsTER Wotcort, M.A., Assistant to President International 
Paper Co., 30 Broad St., New York, N. Y. Sept. 19, 1894 
Lyncu, Joun Cooper, Traffic Engineer, New York Telephone Co., 15 Dey 
St.; res., 122 East 18th St., New York City. May 20, 1902 
Lynpon, Lamar, Consulting Electrical Engineer, Park Row Building; res., 
243 W. 98th St., New York City. Sept. 27, 1901 

Lynn, Wo. A., Electrician, 1021 N. Commerce St., Stockton, Cal. 
Jan. 25, 1899 
Lyons, JosEpn, Patent Solicitor, with Gustav Bissing, 908 G. St., Wash- 
ington, D. C. June 24, 1898 
Lyster, THomas Ler Brent, Electrical Engineer; res., 187 Lefferts JPA 
Brooklyn. Sep. 25, 1903 

MacAFreeE, JouN Brarre, 1002 Harrison Building, Philadelphia, Pa. 
Mar. 27, 1903 
Macartney, JOHN F., Managing Director, Macartney, McElroy & Co., 
Ltd., 53 Victoria St., London, Eng. : May 16, 1899 
MacCatra, CLIFFORD SHERRON, Assistant to General Manager, The 
Washington Water Power Co., Spokane, Wash. June 28, 1901 
TALD, JAMES Enon, Electrician, Pacific Elec. Ry. Co., res.; 643} 
Snes Los Angeles, Cal. Jan. 23, 1903 


MacFappeEn, Cart K., Consulting Engineer, Geneva, Ind. Sept. 27, 1892 


MACFARLANE, WALTER LuTON, Superintendent M. P. Davis, Mille Roches, 
Ont. May 19, 1903 


MacGanan, Paut, Electrical Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Dec. 19, 1902 


a R, WitiarD H., Westinghouse Electric & Mfg. Co., 120 Broad- 
; aaah res., 235 W. 108th St., New York City. Jan. 20, 1897 


f RENTIN JOSEPH, Chemist, Brooklyn, N. Y. 
MACHALSKE, FLo af : Rettoesings 


Macuen, CuarLes Hupson, Electrical Engineer, 231 W. 96th St., New 


' York City. Jan. 23, 1903 . 
facKay, JAMES Leste, Assistant Electrical Engineer, General Electric 
ee os: res., 41 Market St., West Lynn, Mass. Apr. 23, 1903 
Mackay, Wit.taM, Student American Institute; res., 186 East 104th St., 
New York City. an it ae at 
Rupert Tuomas, Electrical Engineer, The Canadian Genera 
pe ici Co. 14 King St., Toronto, Ont. Oct. 24, 1902 
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Mac oskie, GEorGE, JR., Designer and Engineer, General Electric Co., 
Schenectady, N. Y Apr. 23, 1903 

MappeEN, JoHN FREDERICK ScaRTH, Student, Toronto University; res., 7 
Bedford Road, Toronto, Ont. Mar. 27, 1903 

MatcotmsEN, CHARLES TousLEy, Chief Engineer, Lanyon Zinc Co., Iola, 
Kan. May 19, 1903 

Macomser, GEORGE STANLEY, Instructor of Electrical Engineering, Cor- 
nell University, Ithaca, N. Y. Aug. 22, 1902 

Macomser, Irwin Joun, Westinghouse, Church, Kerr & Co., 8 Bridge St., 
New York City; res., Richmond Hill, N. Y. Mar. 28, 1900 


MaDSEN, JOHN PERCIVAL VISSING, Lecturer in Electrical Engineering, 
University of Adelaide, Adelaide, South Australia. May 19, 1903 


MacEE, Louts J., Electrical Engineer, 25 Broad St.; res., 14 E. 60th 


St., New York City. Apr. 2, 1889 
MacteE, Louis De Witt,Works Engineer, Canadian General Electric Co., 
Peterborough, Ont. Sept. 27, 1901 - 


Macnus, Benjamin, Buffalo Smelting Works, 1 Austin St., Buffalo, N. Y. 
Jan. 24, 1900 
MacuireE; Tuomas F. J., Electrical Expert Aid, Bureau Yards and Docks, 


Navy Dept., Washington, D. C. Aug. 22, 1902 
MAHAFFEY, CLAYTON BENNET, Engineer, General Electric Co., Kittredge 
Bldg., Denver, Colo.; res., Schenectady, N. Y. Jan. 23, 1903 


Mattett, JOHN PurrintTon, Chief Engineer and Designer, Northern Electric 
Mfg. Co.; res., 223 N. Carroll St., Madison, Wis. Feb. 27, 1903 

Max, Hettcu1ro, 488 Sankocho, Shirokane, Shiba, Tokyo, Japan. 
Aug. 5, 1896 
Matuiory, WALTER SEELEY, Manager, Edison Laboratory, etc., Orange, 
Noss i July 25, 1902 
ManceE, Joun I., Engineer, Plattsburg Light, Heat and Power Co., Platts- 


burs Nave Sept. 25, 1903 
Manirotp, RicHarp Gornc, Draftsman, United Gas & Electric Co. 
54 Phelan Ave., San Jose, Cal. Jan. 23, 1903 
Mann, Witi1aAmM Lowry, Niagara Falls Power Co.; res., 250 5th St., 
Niagara Falls, N. Y. May 19, 1903 
MansFieE-tp, R. H. Jr., Eastern Manager ofthe Cutler-Hammer Mfg. Co., 
Westfield, N. J. Sept. 28, 1898 
Manson, Ray HeErBeErT, Ist. Assistant Engineer, Dean Electric Co., 
Elyria, Ohio. Nov. 21, 1902 


MANVILLE, CHARLES B., Electrical Engineer’s Assistant, Otis Elevator 
Co.; res., 116.Buena Vista Ave., Yonkers, N. Y. Aug. 22, 1902 


MANYPENNY, Josepu Pope, Eastern Shipbuilding Co., Westchester, Pa. 


Mar. 27, 1903 
Mars ze, Harry Curtiss, Asst. E. Eng’g, Univ. of Ill.; res., 305 W. Uni- 
versity Ave., Champaign, II. Jan. 23, 1903 
MarsuroG, Louis C., Electrical Engineer, General Electric Co., Schenec- 
tady, N. Y. ; P Feb. 28, 1902 
MarRKLE, HERBERT, Sales Engineer, Northern Electric Mfg. Co., Suite 
15, Monadnock Building, Chicago, II. Dec. 19, 1902 
Martow, WayYLAND CiinToN, Electrical Engineer, The Natural Food Co., 
Niagara Falls, N. Y. Jan. 28, 1903 - 


Marsu, Cuas. J., General Manager, Eastern and N. E. Sales Dept., - 
Standard Und. Cable Co., 56 Liberty St., New York. 
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Marsu, CHarLes Mercer, 24 Front St., Schenectady, N. Y. 


; Feb. 27, 1903 
Marsu, Harry Bowman, Secretary, The Sanborn & Marsh Electric Co.; 
res., 1131 North Illinois St., Indianapolis, Ind. Mar. 28, 1900 
MarsHALL, CLoyp, E.Z., Engineer, Universal Exposition, St. Louis, Mo. 
Apr. 25, 1900 
MarsHALit, Norman, President and Manager, Marshall-Sanders Co., 301 
Congress St., Boston, Mass. Aug, 22, 1902 
MARSHALL, FREDERICK JosEPH, City Electrician, The Corporation of the 
City of Kamloops, Kamloops, B. C. Sept. 25, 1903 
Martin, Frank, Electrician, University. Power Co., 4 South Edwards, 
Princeton, N. J. _ Oct. 21, 1890 
Martin, Joun, Agent, Stanley Electric Mfg. Co., 69 New Montgomery St., 
San Francisco, Cal. July 27, 1898 
Martin, Lewts Georce, Electrical Engineer, The Okonite Co., Ltd., 253 
Broadway, New York City. Apr, 23, 1903 
MartTIN, SIDNEY B., General Manager, Pittsburg Construction and Eng’g 
- Co.; res., 236 Dinwiddie St., Pittsburg, Pa. Nov. 21, 1902 
Martin, T. ComMERFoRD, (Past-President) Editor, The Electrical World 
and Engineer, 114 Liberty St., New.York City. Apr. 15, 1884 


Mason, Hosart, B.S., E.E., Electrical Engineer, New York New 
Jersey Teleph. Co., 81 Willoughby St., Brooklyn, N.Y. June 28, 1901 


Masson, CHARLES MICHAEL, 824 West Lake Ave., Los Angeles, Cal. 


Dec. 19, 1903 
Masson, Raymonp S., Consulting Electrical Engineer, 232 Crocker 
Building, San Francisco, Cal. Apr. 26, 1899 


Masters, ArtHUR Henry, Representative of Westinghouse, Church, 
Kerr & Co.; res., 6213 Howe St., Pittsburg, Pa. Jan. 23, 1903 


MaTEER, Ross Boor, Engineering Department, Denver Gas & Electric 
Co.; res., 1427 Clarkson St., Denver, Colo. Jan. 23, 1903 


Martuer, Evucene Hormes; Manager, Cumberland Il. Co.; Treasurer, 
Portland Lighting and Power Co., Portland, Me. Apr. 28, 1897 


Mattuews, Cuarites P., Associate Professor, Electrical Engineering, 


Purdue University, Lafayette, Ind. - May 16, 1893 
Mauro, Puruip, Counsellor-at-Law, in Patent Causes (Pollock & Mauro), 
620 F. St., Washington, D. C. Dec. 21, 1892 


Maxim, Hiram Percy, Electric Vehicle Co., Hartford, Conn. Jan. 3, 1902 


MaxweE Lu, ALEXANDER, Assistant Superintendent 3d District, New York 
Edison Co.; res., 45 West 26th St., New YorkCity. Nov. 20, 1903 


MaxweE tt, Eucene, Columbia Improvement Co., 509 National Bank 


Building, Tacoma, Wash. Aug. 5, 1896 
Be Stenctais NOY, Apt 28: 1003 
eee New Woe Ciy, “Feb. 27, 1898 
BER BONS Fy Gataeie SL liheta,.N.Y.> Mac, 28,-1902 
Medea Teas KD prcies Won Bes oe 


, Grorce Eastman, [Chief Clerk_and Head Draftsman, Engi- 
Si stents Dept., Col. Telephone Co., Denver, Col. Mar. 27, 1903 


McCarter, Rosert D., Jr., Electrical Engineer, General Electric Co., 


3 Southgate St., Bath, Eng. May 16, 1899 
y, E. D., McCarthy Bros. & Ford, 45 North Division St.; res. 
aries gas West Ferry St., Buffalo, N. Y. Nov. 18, 1896 
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McCartuy, Francis ALEXANDER, Electrical Engineer, Noyes Bros., 
Yaralla Chambers, 109 Pitt St., Sydney, N.S. W. June 28, 1901 


McCuarn, FRANK Lavat, Electric Light and Power Co., Cedar Rapids, 


lowa. Tune 19, 1903 
McCasKey, Witttam TyNDALE, Manager, Societe Anonyme, Westing- 
house, Atacha 32 Madrid, Spain. Sept. 25, 1903 
McCieary, Ernest, Manager, McCleary & Colquitt Co., Ltd.; 213 Jeffer- 
son Ave., Detroit, Mich. Apr. 23, 1903 
McCLELLAND, Witutam, Asst. Engineer, with C. H. Wordingham, 19 
Brasenose St., Manchester, Eng. May 19, 1903 
McCLENATHAN, RoBERT, Engineer, with D. M. Osborne & Co.; res., 76 
Mary St., Auburn, N. Y. May 16, 1899 
McCuu_er, Cuas. P., Electrical Engineer, Townsend-McCluer Engineering 
Co., 302 Atlantic Building, Norfolk, Va. Apr. 22, 1896 


McCture, WititaM J., Associated with H. D. Brown, Electrical Engineers 
& Contractors; res., 358 W. 55th St., New York City. Apr. 25, 1900 


McCuurc, W. A., Manager, Electrical Dept., Plainfield Gas and Electric 
Light Co., 217 West 2d St., Plainfield, N. J. Dec. 20, 1893 


McConanHey, Wi tiiAM M., Electrical Engineer, British Westinghouse 
E. & M. Co., Ltd., Trafford Park, Manchester, Eng. Sept. 27, 1901 


McCoy, Joun Ancus, Supt. of Construction, The New England Teleph. & 
Tel. Co.; res., 62 Main St., Somerville, Mass. Apr. 23, 1903 


McCoy, Water EumseEN, Electrical Engineer, The United Electric 
Light and Power Co., 410 E. 29th St., New York City. May 19, 1903 


McCreary, J. L., Constructing Engineer, District Railway Co., Mexico 


City, Mexico. Feb. 28, 1900 
McDonatp, WALTER D., Salesman, Westinghouse E. & M. Co., 171 La 
Salle St., Chicago, Ill. Sept. 25, 1$03 
McDurrre, EpGAR JEROME, Assistant Engineer, General Electric Co.; res., 
311 Summer St., Lynn, Mass. Apr. 23, 1903 
McEtroy, James F., Consulting Engineer, Consolidated Car Heating 
’Co., 181 Lake Ave., Albany, N. Y. Nov. 15, 1892 
McGratu, WILL1AM Henry, Electrical Engineer, Houghton Co. Elec. Co.; 
res., Keweenaw Club, Houghton, Mich. Mar. 28, 1902 
McGraw, James H., President, McGraw Publishing Co., 114 Liberty St., 
New York City; res., Madison, N. J. Sept. 27, 1901 
McIntyre, Henry Knox, Assistant, Engineering Department, New York 
Telephone Co., 15 Dey St., New York City. Sept. 26, 1902 
McKay, MarsHatu Cameron, Assistant Electrical Engineer, Vancouver 
Power Co., Vancouver, B. C. _ May 19, 1903 
McKetway, Georce HusseE Lt, Assistant Electrical Engineer, Brooklyn 
Heights R. R., Brooklyn, N. Y. Dec. 18, 1903 
McKinptey, James Lampert, Construction Department, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. - June 19, 1903 


McLaren, WILLIAM Frepericx, Draftsman, Westinghouse Electric 
and Mfg. Co., Pittsburg; res., Edgewood Park, Pa. June 19, 1903 
McLeary, SamueL Harvey, Student Cornell University; res., 325 Eddy 


St. lthaca., Niwy. Nov. 20, 1903 
McLean, Wit.iam, Partner, Charles H. Merz, Collingswood Buildings 
Newcastle-on-Tyne, Eng. May 19, 1903 
McLimont, AS W., Engineer, Federal Electric Co., 141 Broadway, New 
Ph mn City. * Ae July 26, 1900 

CNatER, JOSEPH TREANOR, i i ‘Ohi i i 
Coy 119 11th St, Philadelphia; Pag, te Bette aioe 
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McNary, Cuarites Herpert, Assistant Engineer, Edison Electric Cow 


Los Angeles, Cal. Apr. 25, 1902 
McPuHerson, NorMAn CRAWFORD, Engineering Department, Westing- 
house E. &. M. Co., Pittsburg, Pa. Sept. 25, 1903 
McQui.xin, Georce, Jr., Electrical Expert, U. S. Navy Department, 
Quincy, Mass. Dec. 19, 1902 
McVay, H. D., Superintendent, Wichita Telephone Co., Wichita, Kan. 
Feb. 28, 1900 
Meap, Georce Arvin, Chief Engineer, The Ohio Brass Co., Mansfield 
Ohio. Sept. 25, 1903 


Meapows, Harortp Grecory, Associate Engineer (Elec.) with Newcomb 
Carlton, 432 Prudential Building, Buffalo, N. Y. Sept. 23, 1896, 


Mearson, Francis, Solicitor and Estimator, Geneva Electric Co.; res., 


41 W. 114th St., New York City. Nov. 20, 1903 
Meppse_ry, S. C., Jr., Electrical Engineer of Stations, Va., Passenger and 
Power Co., 116 N. 3d St., Richmond, Va. Oct. 24, 1902 
MepInA, Frank P., Electrician, Pacific Postal Telegraph Co., 878 Geary 
St., San Francisco, Cal. Sept. 19, 1894 
TER Meer, HENRY Cuartes, Electrical Engineer; res., 930 Hudson St., 
Hoboken, N. J. Feb. 28, 1901 
Mees, Cart Leo, President and Professor of Physics, The Rose Poly- 
technic Institute, Terre Haute, Ind. May 19, 1903 


Mecinniss, Francis REGEsTER, Student, Testing Department, General 
Electric Co.; res., 80 Park St., West, Lynn, Mass. Apr. 28, 1903 


Menaucu, Rosert, Chief Engineer, Honolulu R. T. & L. Co., res.; 509 


Beretania Ave., Honolulu, H. I. Jan. 23, 1903 
MERKLE, WILLIAM S., Vice-President Ewing Merkle Electric Co.; res., 
2601 Louisiana Ave., St. Louis, Mo. Apr. 28, 1903 
Merritt, Barretr Morris, Electrical Engineer, Puget Sound Electric 
Railway, Kent, Wash. Apr. 23, 1903 
Merri_t, E. A.; Manager, New York Office, McIntosh, Seymour & Co., 26 
Cortlandt St., New. York City. Sept. 20, 1893 
MeRRILL, JosEpu F., Professor of Physics and Electrical Engineering, 
University of Utah, Salt Lake City, Utah. May 21, 1901 
Merritt, Jostau L., Electrical Engineer, c/o General Electric Co., 1517 
Park Building, Pittsburg, Pa. Sept. 25, 1895 - 
Merritt, Benjamin F., Superintendent Repair Department, New York 
Telephone Co., 30 Gold St., New York City. Mar. 27, 1903 
Merz, Cuas. H., 28 Victoria St., Westminster, London S. W., and 1 Mosle 
St., Newcastle-on-Tyne, England. Sept. 25, 1895 
ARLES, JR., Selling Engineer, United Telpherage Co., Room 
aes Gores ee aes New York City. Dec. 18, 1903 


n, Cuartes Rosert, Vice-President and Superintendent, The 
se Emerson Mfg. Co., 5619 Cates Ave., St. Louis, Mo. May 19, 1903 


i Avucust, Supt. Power Houses, The Lachine Rapids Hydraulic 
ee iond, Co., Lid. 160 McCord St., Montreal, P.Q. | Mar. 27, 1903 


Meyer, Hans §S., Electrical Engineer, The British Thomson-Houston Co., 


Rugby, Eng. “2 ; July 27, 1889 
Be isddonie, Philddelphin, PAs? Apr 23, 1908 
MEYER, JULIUS, Consulting Engineer, 115 Broadway, New poe be ite 
ee ae Department, The bo onc oe. ers 
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Micuop, CHARLES Louts, Partner E. H. Abadie & Co., 419 Bank of Com- 
merce, St. Louis, Mo. July 28, 1903 
MippieTon, A. CENTER, with R. U. Strong, 25 Broad St., New York City. 
- May 16, 1899 
MIEHLING, Rupo.tpn, Sales Engineer, Northern Electrical Co., 20 Third 
Ave., Duluth, Minn. Sept. 25,1902 
Mixes, J. WALTER, Electrical Engineer, Westinghouse Electric and Mfg. 
Co., Irwin, Pa. Apr. 25, 1903 
Mituar, Preston §., Asst. to Mgr. Lamp Testing Bureau, 80th St. & East 
End Ave., New York City. Jan. 23, 1903 
MILLER, ALPHONSUS JOSEPH, Laboratory Assistant, Western Electric Co., 
463 West St., New York City. Mar. 28, 1902 
Mitter, Atvin Aucustus, Salesman, Westinghouse Electric and Mfg. 
Co., 314 Occidental Ave., Seattle, Wash. . Apr. 23, 1903 
Mitrer, DwicuTt Dana, Salesman, Westinghouse Electric and Mfg. Co., 
120 Broadway, New York City. Apr. 25, 1902 
MILLER, GeorceE E., Assistant to 2d Vice-President, Westinghouse E. & 
M. Co., 120 Broadway, New York City. Feb. 28, 1902 
Miter, HERBERT S., Electrical Engineer, Diehl Mfg. Co., res., 1025 E. 
Jersey St., Elizabeth, N. J. Mar. 22, 1899 
MILLER, Kempster B., Engineer Kellogg Switchboard and Supply Co,, 
Congress and Green St., Chicago, Il. Sept. 28, 1898 


MILLER, WaLTER H.. Manager Record Dept. (Phonograph), with Thomas 
A. Edison; res., 28 Mt. Vernon St., Orange, N. J. Sept. 27, 1901 
Mitter, Wo. C., M.S., Electrical Engineer, 3 South Hawk St., Albany, 
INA Oct. 21, 1890 
Minor, Joun W., Jr., Inspector, Insurance Inspection Bureau, 518 Ex- 


change Building, Denver, Colo. é Mar. 27, 1903 
MisakI, Sr1zo, Chief Engineér and Superintendent, Hanshin Elec. Railway 
’ Co., Nishiumeda-cho, Osaka, Japan. Dec27, 18908 
MITCHELL, SIpNEY Z., Manager, Tacoma Railway and Power Co., South 
14th and A Sts., Tacoma, Wash. Novy. 12, 1889 
Mixer, CHARLES Apam, Civil and Hydraulic Engineer, Rumford Falls 
Power Co., Rumford Falls, Me. Sept. 25, 1903 
MOLLER, Jacop Avaric, Leo Engineer, Lambert Schmidt Telephone 
Mfg. Co., Inc., 85 Maple St., Hoboken, N. J. Nov. 20, 1903 


Moneypenny, Netson Norra, Manager, Special Work Department, 
Alberene Stone Co., 393 Pearl St., New York City. Mar. 27, 1903 


Monratn, Gustave, Engineer and Superintendent, Grace & Hyde Engin- 


eering Co., 7 E. 42d St.,,New York City. Apr. 26, 1901 
MonrtacGu, Ratpu LecuMere, Consulting Engineer, Oroville, Butte Co., 
Cale Feb. 26, 1896 
Moopy, Vircinius Danret, General Electric Co.; res., 6 Catherine St., 
Schenectady, N. Y. Dec. 27, 1899 
Moore, HENry ALEXANDER, Engineer, The Canadian Bullock Electric 
Mfg. Co., 200 McKinnon Bldg., Toronto, Ont. June 19, 1903 
Moore, Joun Prasopy, Engineering Department, Central Illinois Con- 
struction Co., Mattoon III. Apr. 25, 1900 
Moore, Perciva, Vice-President and General Manager, Louisville & 
Eastern R. R., Anchorage, Ky. Mar. 27, 1903 


Moore, ROBERT HAWTHORNE, Asst. Electrical Engineer, Mechanical and 
Electrical Dept., Universal Exposition, St. Louis, Mo. May 20, 1902 


Mora, Marian Louis, General Electric Co., 44 Broad St., New York City. 
on Mar, 20, 1893 
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Moran, WILLiam M., Electrical and Mechanical Engineer, with Town- 
send Reed, Lebanon, Ind. . July 28, 1903 
Moraweck, Arvin H., Superintendent, The Pittsburg and Allegheny 
Telephone Co., Pittsburg, Pa. Apr. 23, 1903 


Morvey, Wo. Morris, Consulting Electrician, 82 Victoria St., Grosvenor 
Mansions, Westminster, London, Eng. Sept. 22, 1891 


Morpocx, Cuaries T., Superintendent, Lighting and Power Depart- 
ment, Terre Haute Electric Co., Terre Haute, Ind. Sept. 25, 1903 


MoreEHEAD, J. M., Engineer, Union Carbide Co., 157 Michigan Ave., 


Chicago, Ill. Mar. 28, 1900 
Morenouse, H. H.,'’Morehouse and Morrill, 231 Crossley Building, San 
Francisco, Cal. Feb. 21, 1894 
Morcan, Cart Leon, With Simplex Electric Co., 110 State St.; res., 25 
St. Cecilia St., Boston, Mass. Jan. 24, 1902 
Morcan, Goprrey, General Supt., The Youngstown & Sharon Street 
Railway Co.; res., Sharon, Pa. Oct. 25, 1901 
Moritz, CHarLes Hotianp, Construction Engineer, Pittsburg Reduction 
Co., Niagara Falls, N.Y. : Dec, 19, 1902 
Mortey, Epcar L., Supt. Hatzel & Buehler, 114 Fifth Ave., New York 
City. Sept. 25, 1895 


Morriti, Epwarp Francis, Engineering Department, The N. Y.&N. J. 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Feb. 28, 1902 


Morriti, WILLIAM CHARLES, Manager, Chas. Morrill, 277 Broadway; res., 


24 W. 83d St., New York City. Jan. 23, 1903 
Morais, GEorGE HatstTEIN, Electric Storage Battery Co., 1519 Marquette 
Building, Chicago, Il. May 19, 1903 
Morris, Harvey L., Salesman, Northern Electric Mfg. Co., Madison, 
Wis. ce Jan. 23, 1903 
Morris, JoHn Wit11AM, Electrical Superintendent, The Reid Newfound- 
land Co., St. Johns, Newfoundland. Aug. 22, 1902 
Morrison, J. FRANK, Consulting Engineer, 1201 Calvert Building, Balti- 
more, Md. . Apr. 15, 1884 
Morse, GEorGE GLENN, Testing Department, General Electric Co.; res., 
397 Germania Ave., Schenectady, N. Y. Mar. 27, 1903 
Mortimer, James D., Superintendent of Power Department, Tacoma 
Railway and Power Co., Tacoma, Wash. Mar. 28, 1900 
Moscuxowitscu, MeErs S., Preobrazenska, 53, Odessa, Russia. 
Jan. 9, 1901 
Moses, PercivaL Rospert, E.E., Electrical Engineer, 35 Nassau St.; 
res., 235 W. 76th St., New York City. , Dec. 19, 1894 
MosMAN, CHARLES TYLER, Electrical Engineer, General Electric Co.; res., 
1208 Union St., Schenectady, N. Y. May 19, 1903 
Mosscrop, Wo. A., Af.£., Electrical Engineer, 47 Brevoort Pl., Brooklyn, 
INGE May 7, 1889 
Mort, FREDERICK ALLEN, Testing Department, Keystone Electric Co.; 
res., 701 Liberty St., Erie, Pa. July 28, 1903 
Mort, FREDERICK RUTHERFORD, Engineer, The Bell Telephone Co., of 
Missouri, Telephone Building, St. Louis. Mo. Apr. 23, 1903 
Mort-TRitLeE RapLey, Electrical Engineer, United Lumber Co., Cien- 
fuegos, Cuba. Oct. 23, 1903 
Mowsray, Wiu1am J., Engineer, Brooklyn Edison Co., 14 Rockwell Pl.; 
res., 272 Classon Ave., Brooklyn, N. Y. Nov. 20, 1903 
Mupce, ARTHUR LANGLEY, Electrical Engineer, York Haven Water & 
Power Co., York Haven, Pa. Mar. 22, 1901 
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MupceE, Cuartes A., Ober-Engineer, Direct Current Railway Department, 
Allegmeine Electricitats Gesellschaft, Berlin, Ger. Feb. 27, 1903 


Mutten, Tuomas JAMEs, Superintendent of Construction, Bullock Elec- 
tric Mfg. Co.; res., 826 Hathaway St., Cincinnati, O. Mar. 27, 1903 


Mu.tiican, WALTER Lyon, Assistant Manager, United Electric Light Co., 


Springfield, Mass. Feb. 28, 1902 
Muu, E. H., (Manager), General Electric Co., 44 Broad St.; res., 1 W. 
102d St., New York, N. Y. May 16, 1899 
Munpy, AmBrose, Salesman, A. B. See Elec. Elev. Co., 220 Broadway, 
New York City; res., Metuchen, N. J. Jan. 23, 1903 
Munro, Davip M., Assistant Inspector Underwriters’. Agency, Masonic 
Building, New Orleans, La. Mar. 27, 1903 
Murpock, Henry DeEtos, District Engineer, Westinghouse E. & M. Co., 
207 Westinghouse Bldg., Pittsburg, Pa. Jan. 23, 1903 
Murpny, Epwin J., Engineer, Arc Lamp Dept., British Thomson-Houston 
Electric Co., Rugby, Eng. Mar. 28, 1902 


Murpuy, Georce R., Engineer, Operating Dept., The Electric Storage 
Battery Co., 42 Nevada Block, San Francisco, Cal. Apr. 25, 1902 


Murpnuy, Joun Z., Chief Engineer, Chicago Union Traction Co.; res., 1948 


Lexington St., Chicago, Il. Sept. 25, 1903 
Murray, WILLIAM SPENCER, Engineer, Farnum & Murray, 53 State St.; 
res., ‘‘ The Wadsworth,’’ Boston, Mass. Jan. 23, 1903 


Myers, FREDERIC WILLIAM, Superintendent of Construction, Standard 
Underground Cable Co., 74 7th St., Buffalo, N. Y. Sept. 26, 1902 


Nace, Witu1AM G., President and Manager, The W. G. Nagel Electric 


Co., 520 Adams St., Toledo, Ohio. Feb. 27, 1903 
Namsa, M., Professor of Electrical Engineering, University of Kioto» 
Kioto, Japan. : Apr. 26, 1899 
NaputTay, Sam L., Asst. Engineer, San Francisco Gas & Electric Co., 229 
Stevenson St., San Francisco, Cal. Aug. 23, 1899 


Nasu, Luruer Roserts, Electrical Engineer, Stone & Webster, 84 State 
St., Boston; res., 51 Ellery St., Cambridge, Mass. Mar. 27, 1903 
Naucrer, ReinHoLp, Draftsman, Elektriska A. B. Magnet, Ludvika, 
Sweden. July 28, 1903 
NayLor, CHARLES WILLIAM, Mechanical Engineer, Marshall Field & Co., 
, 83 State St.; res., 1592 Lexington St., Chicago, Ill. May 19, 1903 
Neat., Newitt Jackson, Electrical Engineer, Westinghouse Electric & 


Mfg. Co., Pittsburg; res., Edgewood Park, Pa. Oct. 23, 1903 
NeAVE, JosEPH Swan, Vice-President, Bullock Electric Mfg. Co., Grandin 
Road, Cincinnati, Ohio. Feb. 27, 1903 
NeiLson, Joun, Larchmont, N. Y. May 18, 1897 
Neson, GeorGE, Student, Georgia School of Technology; res., 304 N. 
Boulevard, Atlanta, Ga. June 19, 1903 


Nespit, JosepH Newton Gray, Professor, Dept. Experimental Engin- 
eering, Georgia School of Technology, Atlanta, Ga. Nov. 22, 1901 


Nesspit, Witiiam, Electrical Engineer, Westinghouse E. &. M 
Pine St., New York City. a8 eae 


Nevuratn, Morris M., Electrical Engineer, A. & N. Mfg. Co., 165 Broad- 


way, N. Y. _ Feb. 28, 1900 
Newpury, F. J., Manager Insulated Wire Department, John A. Roebling’s 
Sons Co., Trenton, N, J. Sept. 23, 1896 
NEWELL, FRANK CLARENCE, Consulting Electrical Engi ing- 
house Air Brake Co., Pittsburg, Pa, pen hanes 
NeweELL, Frank Lorn, Electrical and Mechanical Draftsman, Ford 
Bacon & Davis; res., Passaic, N. J. Mar. 27, 1903 
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NEWELL, FREDERICK WiL.iAM, Assistant Electrical Engineer, The Otis 


Elevator Co., Yonkers, N. Y. ' Nov. 21, 1902 
NEWELL, Harvey Epcar, India Rubber and Gutta Percha Insulating 
Co.; res., 101 North Broadway, Yonkers, N. Y. Sept. 25, 1903 
Newman, Frep Jacosn, Superintendent and Chief Engineer, Woods Motor 
Vehicle Co., 110 East 20th St., Chicago, Ill. Sept. 27, 1901 
NEwTON, SaMueEt Oscar, North East Electric Light and Power Co., North 
Pitcher; res:, 607 W. Water St., Elmira, N. Y. Sept. 25, 1903 


NexsEen, RanpotpH Haruipay, Electrical Engineer, 34 Beekman St., New 
York City; res., 302 St. James Pl., Brooklyn, N. Y. Nov. 21, 1902 


NicHo.ts, CHARLES Ketcuam, Agent, New York Edison Co., 55 Duane St.; 


tes., 706 Union St., Brooklyn, N. Y. Apr. 23, 1903 
Nicuois, Louis Cuar.es, Electrical Engineer, 2267 Jefferson Ave., South 
Norwood, Ohio. Feb. 28, 1902 
NiIcHOLSON, CHARLES, Marion, Engineer, Test Dept., Bullock Electric 
Mtg, Co., Cincinnati, Ohio. Jan. 23, 1903 
NICHOLSON, SAMUEL L., With Westinghouse Elec. & Mfg. Co., 120 Broad- 
way, New York. July 26, 1900 


NIcoLL, GeorGE D., 1000-46 Van Buren St., Chicago, Ill. Mar. 27, 1903 
Niesz, Homer -E_prepeGe, Assistant to Second Vice-President, Chicago 


Edison Co., 139 Adams St., Chicago, Ill. Oct. 25, 1901 
NiIeETHAMMER, FrReEipRICcH, Professor of Electrical Engineering Technische 
Hochschule, Briinn, Austria. Feb. 27, 1903 
Nimis, AvBert A., Electrical Contractor, Nimis & Nimis, 138 East 73d 
St., New York City. Aug. 13, 1897 
NistLeE, Georce W., Secretary, Illinois Engineering Laboratory, 319 
Manhattan Builidng, Chicago, Ill. Dec. 19, 1902 


Nose, GROVER CHESTER, Assistant in Electrical Engineering, University 
of California, Mechanics’ Building, Berkeley, Cal. Dec. 19, 1902 


Nock, Geo. W., General Manager, H. D. & H. H. R. R., Danbury, Conn. 


Aug. 5, 1899 

Nog, James Bryan, The New York Edison Co., 55 Duane St., New York 
City; res., 29 Elm St., Elizabeth, N. J. June 19, 1903 
NoEGGERATH, JAcos Emit, Engineer General Electric Co.; res., 409 Union 
St., Schenectady, N. Y. Mar. 27, 1903 


NorpwaLit CHARLES FLEscH DxE,, Manager of the Export Department, 
ee Allgemeine Elektricitats-Gesellschaft, Berlin, Ger. Sept. 27, 1892 


Norris, Henry Hurcuinson, Assistant Professor of Electrical Engineer- 


ing, Cornell University, Ithaca, INGER Ye Feb. 27, 1903 
Nortu, GiLBert, Electrical Engineer, British Westinghouse E. & M. Co.; 
Trafford Park, Manchester, Eng. Sept. 25, 1903 
Norturup, Epwin Fitcn, The Leeds & Northup Co., 259 N. Broad St., 
Philadelphia, Pa. Sept. 27, 1901 


Noxon, C. Per Lez, Manufacturer, High-Frequency X-Ray Apparatus, 
Dynamos & Motors, 500 E. Water St., Syracuse, N. Y. Oct. 17,1894 
, Ernest Hicu,.Manager of Chicago Office, The Pittsburg Reduc- 
Reeser Co., 190 Monroe St., Chicago, III. Sept. 25, 1903 
Nunn, Ricuarp J., M.D., 5 York St. East, Savannah, Ga. July 12, 1887 
Nvyuan, J. T., Superintendent and Electrician, Macon Electric Light and 
ees (or, Mann, Ga. Feb. 27, 1895 


ott, HERBERT CHARLES GORDON, M.A., Professor of Electrical En- 
ieee cting, Oxford Tech. College, Grahamstown, 8S. A. Aug. 22, 1902 
Oxsear, GEORGE BARRows, Instructor in Electrical Engineering, Lowell 
Textile School, Lowell, Mass. Nov. 20, 19038 
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O’Brien, ALBERT DatiaM, Westinghouse, Church, Kerr & Co., 8 Bridge 
St.; res., 347 West 14th St., New York City. Nov. 22, 1901 


O’Donovan, Leo. J., Consulting Engineer, Reis & O'Donovan, 15 Cort- 
landt St.; res., 268 West 91st St., New York City. Apr. 25, 1902 


OrFINGER, Martin Henry, E.E., Secy-.Treas., Van Wagoner-Linn Con- 
struction Co., 27 W. 24th St., New York City. Mar. 28, 1900 
Orrutt, AnpERSON, B.S., E.E., Electrician, Underwriters Agency of 
La. and Miss., New Orleans, La. May 15, 1900 


O1, SarTarRo, Chief Engineer to the Bureau of Posts and Telegraphs, The 
Ministry of Communications, Tokyo, Japan. Dec. 28, 1898 


Oxamoto, Keitaro, Chief Engineer, The Hiroshima, Suirioku Denki 
Kaisha, Hiroshima, Japan. Sep. 25, 1903 


OxeEy, Perry, Superintendent, Columbus Municipal Electric Light Plant; 
res., 89 West Ave., Columbus, Ohio: Apr. 23, 1903 


OxtpHaAMm, Witt Haron, Draughtsman, Electrical Department, Cambria 
Steel Co., Johnstown, Pa. Oct. 23, 1903 


OLHEISER, WILLIAM WEAVER, General Supt., Eastern Telephone & Tele- 
graph Co., 8d and Federal Sts., Camden, N. J. Apr. 23, 1903 


Ouin, Epwtn Mason, Engineer Foreman in charge Testing Department, 
Westinghouse E. & M. Co., Pittsburg, Pa. Feb. 27, 1903 


O.IveTtTI, CAMILLO, Ingegnere Industriale, Ivrea, Italy. Oct. 17, 1892 
OLMSTED, Harry Wittiam, Electrical Inspector, with Fremont Wilson, 


Hackensack, N. J. May 19, 1903 
OoxicearnvtT, J. J., Electrical Engineer (Foreign Dept.), General Electric 
Co.; res., Edison Hotel, Schenectady, N. Y. Apr. 25, 1900 
OrBELL, Rosert Hvucu, British Westinghouse E. and M. Co., Paines 
Manor, Pentlow Cavendish, Suffolk, England. May 20, 1902 
OrBIN, FRANK, Superintendent, The Pittsburg Bureau of Electricity, 431 
Sixth Ave., Pittsburg, Pa. Jan. 23, 1903 
O’Reitiy, AnpREw J., Supervisor of City Lighting, 1507 Papin St., St. 
Louis, Mo. Apr. 23, 1903 
ORMSBEE, ALEX. F., Electrical Engineer, with N. Y. and N. J. Telephone 
Co., 81 Willoughby St., Brooklyn, N. Y. June 27, 1895 


OsBORNE, GEORGE FREDERICK FoicGerR, Lieutenant, Royal Engineers 
D. A. A. G., Army Headquarters, Sirala, Brit. India. Mar. 27, 1903 


OsBornE, Loyatt ALLEN, Manager of Works, Westinghouse Electric and 


Mfg. Co., Pittsburg, Pa. : Oct. 18, 1898 
OsBorRNE, MarsHatt, Engineer, British Thomson-Houst)n Co.;  res., 
Avon Brae, Elsee Road, Rugby, England. Apr. 25, 1900 
O’Sutrivan, M. J., Superintendent, Electric Light, B. & O.R.R.Co., 4734 
Sylvan Ave., Pittsburg, Pa. Mar. 20, 1895 
OswaLtp, Herman Henry, Student General Electric Co.; res., 306 
Lafayette St., Schenectady, N. Y. Nov. 20, 1903 
Orren, Dr. Jan D., Director, Batavia Electrische Tram-Maatsch ij 
, Heerenqracht, 259 Amsterdam, Holland. Nov. 18, 1890 


Oxer, GEORGE CARROLL, 615 State St., Schenectady, N. Y. July 28, 1903 
Packarp, LEONARD WarreN, Assistant Engineer of Meter Department 
res., 25 Beacon Hill Ave., Lynn, Mass. Apr. 23, 1903 
Pace, A. 19 Be Assistant Manager, General Electric Co. Lamp Works 
Harrison, N. J. Jan. 19 1892 
Parmer, D. Atonzo, Superintendent, Compania Anonima de Redes 
Telefonicas de Ponce;- Ponce, Porto Rico. Oct. 25, 1901 
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PaLMER, HARRY MitcHet, Mechanical and Electrical Engineer, Westing- 
house Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 


Patmer, WiLiiaM Henry, Jr., Electrical Engineer & Asst. to President, 
N. Y. Transp. Co., 815 8th Ave., New York City. May 20, 1902 
Panter, THomAS ALFRED, Assistant Electrician, The Niagara Falls Power 


Co.; res., 481 19th St., Niagara Falls, N. Y. Sept. 25, 1993 
ParKE, FrepERIC Huntincron, Engineering Office, Westinghouse Co., 
Nevsky Prospect No. 11, St. Petersburg, Russia. Jan. 23, 1903 
ParKE, Ropert Aucustus, Special Agent, Westinghouse Air Btake Co., 
634 Endicott Building, St. Paul, Minn. Jan. 23, 1903 
ParKE, Roperick J., Consulting Electrical Engineer, 409 Temple Bldg., 
Toronto, Can. July 26, 1900 
PARKER, Capt. CHARLES Foster, In charge Instruction of Electrician 
Sergeants, Fort Totten, Willets Point, N. Y. . May 19, 1903 


Parker, HERSCHEL C., Instructor in Physics, Columbia University, New 
York City; res., 21 Fort Green Pl., Brooklyn, N. Y. Apr. 19, 1892 


ParkKeER, Homer Cuartes, Salesman J. Martin & Co., New Montgomery, 


St.; res., 1601 Taylor St., San Francisco, Cal. Sept. 25, 1903 
Parker, IrRvinG, Electrical Inspector, Pierce Richardson and Neiler, 1410 
Manhattan Building, Chicago, Ill. mo Mar. 27. 1903 
ParRKER, Linpsay R., 345 State St., Brooklyn, N. Y. Sept. 27, 1901 
PARKHURST, CHARLES WILLIAM, Superintendent of Electrical Department, 
Cambria Steel Co., Johnstown, Pa. Sept. 27, 1901 
Parks, COLEMAN CLypE, Draughtsman, Electrical Dept., Homestead 
Works of Carnegie Steel Co., Munhall, Pa. Oct. 23, 1903 
Parmty, C. Howarp, S.M., E.E., College of the City of New York, 17 
Lexington Ave., New York City. Feb. 21, 1893 
Paropr, Hipporyte, Electrical Engineer, Francaise Thomson-Houston, 10 
Rue de Londres, Paris, Prance. Sept, 26, 1902 
Parry, Evan, Engineer “H. F. Parshall, Salisbury House, London Wall, 
London, Eng. Sept. 25, 1895 
ParsE.Lt, Henry V. A., Electrical and Mechanical Designing and Experi- 
mental Work, 129 W. 31st St., New York City. Nov. 12, 1889 
ParsHALL, AuGust, Commercial Engineer, Supply Dept., General Electric 
Co., 44: Broad St., New York City. Oct. 24, 1900 


PatTERSON, GEORGE WASHINGTON, JR., Junior Professor of Electrical 
Engineering, University of Mich., Ann Arbor, Mich. Sept. 27, 1901 


Parrerson, Harotp D., Superintendent, with Max Osterberg, 11 Broad- 


- way, New York City. Mar. 27, 1903 
Parrison, Hucu, Electrical Engineer, Westinghouse, Church, Kerr & Co., 
10 Bridge St.; New York City. - Sept. 25, 1903 

- Pauty, Karu Atmon, Engineer, General Electric Co.; res., 1 Division St., 
Schenectady, N.-Y. May 19, 19038 

Payne, ALBERT EpwarpD, The Creaghead Engineering Co., of Cincinnati, 
500 East 5th St., Cincinnati, Ohio. : Mar. 27, 1903 

- Pearson, Frepk. J., With D. H. Burnham, 1142 Rookery Building 
Chicago, Ill. July 27, 1898 


Superintendent St. Croix Power Co., Somerset, Wis. 
Pearson, JOHN, Supe se ieee 
Pease, Harotp CuiLps, Engineer General Electric Co.; res., 820 Union 
St., Scherectady, N. Y. Mar. 27, 1903 
Prasr, Henry Marx, Telephone Engineer, The Western Electric Co., 
No. Woolwich, E., London, Eng. May 19, 1903 
Peck, Epwarp F., Manager Lighting and Power Dept., Schenectady 
3 Railway Co., 420 State St., Schenectady, N. Y. May 20, 1890 
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Peck, Ransom B. W., Electrician in charge Kingsbridge Power Station, 
Interurban Street Railway Co., New York City. Sept. 25, 19038. 


Perrce, ARTHUR W. K., Consuiting Electrical Engineer to the Consoli- 
dated Gold Fields of S.A., Ltd., Germiston, Transvaal. June 27, 1895 


PenDe.t, Cuas. WitxiaM, Assistant Signal Engineer, G. C. & S. F. Ry., 


Cleburne, Tex. Nov. 22, 1899 
PENNEBAKER, EpwIn Preston, 314 North Yakimer Ave., Tacoma, Wash. — 
Jan. 23, 1903 
Penton, Cart Town.ey, Chief Electrician American Ship Building Co.; 
res., 222 Forest St., Lorain, Ohio. Feb. 27,1903 
Perkins, Henry A., Professor of Physics, Trinity College; res., 55 Forest 
_St., Hartford, Conn. July 28, 1903 
Perkins, JAY H., General Superintendent, Youngstown Consolidated Gas 
and Electric Co:, Youngstown, Ohio. Nov. 21, 1902° 
PerRY, CHARLES Lancpon, Designing Engineer, General Electric Co.; 
res., No. 1 State St., Schenectady, N. Y. Mar. 27, 1903 


Perry, FRANKLIN SANBORN, Erecting and Installing Engineer, Pittsburg 
Engineering Co., 207 Lewis Block, Pittsburg, Pa. Jan. 23, 1903 
Perry, JAMES WiLLIAM, Manager Electric Department, H. W. Johns- 
Manville Co., 100 William St., New York City. Apr. 23, 1903 


Perry, LESLIE LawRENCE, Electrical Engineer, with F. S. Pearson, 29 


Broadway, New York City. Mar. 27, 1903 
PestELL, WILLIAM, J. G. White & Co., 43 Exchange Place, New York 
Citivas Apr. 23, 1903 
PETICOLAS, SHERMAN Goopwin, Westinghouse Electric & Mfg. Co.; res., 
1116 South Ave., Wilkinsburg, Pa. Sept. 27, 1901 
Perry, HerBerT CLINTON, Assistant in Sales Department, Crocker- 
Wheeler Co., Ampere; res., East Orange, N. J. June 19, 1903 


Perry, WALTER M., Superintendent Fire Alarm Telegraph, Rutherford, 
Ne : May 16, 1893 
PPrATISCHER, Matuias, Chief .Engineer, The Electro-Dynamic Co., of 


Philadelphia, Philadelphia, Pa. Apr. 23, 1903 
PreriFFER, ALOIS, J. J., Engineer, 22a College Hill, London, E,. C. Eng. 
Jan. 24, 1900 


. Prunp, Ricuarp, Engineer, Marconi Wireless Telegraph Co., of America, 

27 Wiliam St.; res. 601 West 69th St., New York City. Apr. 18, 1893 
Puaro, Harry ALEXANDER, 600 North Ave., Wilkinsburg, Pa, 

Feb. 27, 1903 

PHELON, JosEPH OLIVER, Assistant Professor of Electrical Engineering, 

Worcester Polytechnic Institute, Worcester, Mass. Mar. 27, 1903 

Puetps, Wm. J., Manager, The Phelps Co., Makers Hylo Incandescent 


Lamp, 83 State St., Detroit, Mich. Mar. 25, 1896 
Purisrick, B. W., Electrical Engineer for J. J. Astor, Rhinecliff, N. Y. 
. May 15, 1894 


Puitiips, Evcene F., President, American Electrical Works, Phillipsdale, 
Nears ts «. July 13, 1889 
Puitirps, Ettis LAuRIMORE, Engineer, 45 Broadway; res., 11 West 103d 


St., New York City. Mar. 28, 1902 
Puiviips, Leo A., Sanderson & Porter, 52 William St., New York City. 

Mar. 21, 1894 

Puitiies, WALTER, Manager, Westinghouse Electricitats Actien Gesell- 

schaft, 19 Jaeger Strasse, Berlin, Germany. Feb. 27, 1903 
PicKARD, GREENLEAF WuitTIER, Electrical Engineer, American Telephi 

and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27° 1903 
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Pierce, ALFRED LAWRENCE, Superintendent, General Manager and E. E. 
Borough Electric Works, Wallingford, Conn. Mar. 28, 1902 


PIERCE, GEORGE ALBERT, JR., Assistant Supt. of Electrical Depart- 
ment, William Cramp & Sons, Philadelphia, Pa. May 19, 1903 


Pietscu. JAMES ANDERSON, Chief Engineer, The San Juan Light and 


Transit Co., San Juan, Porto Rico. May 19, 1903 
PIETCZKER, Ezra JAMES, Salesman, Standard Underground Cable Co., 
322 The Rookery, Chicago, Ill. Apr. 23, 1903 
PIKLER, ARMIN Henry, Engineer, Stanley Electric Mfg. Co., Pittsfield, 
Mass. Mar. 27 1903. 
Pitrspury, Cuas. L., Consulting and Contracting Engineering, 343 Minne- 
sota St., St. Paul, Minn. Aug. 13, 1897 
Pinson, Emize, General Manager Cia Explobadora de las Fuerra Hydro 
Electricas de San Ildefonso, Mexico City, Mex. June 19, 1903 
PiRTLE, CLAIBORNE, Sales Agent for North Carolina, General Electric Com 
Greensboro, N. C. Mar. 28, 1902 
PiTcHER, FRANK Henry, Chief Engineer, Montreal Water and Power Co., 
62 Imperial Building, Montreal, P. Q. June 28, 1901 
Pizzini, ANDREW J., General Manager, Electric Construction COmmor 
Virginia, Richmond, Va. Aug. 22, 1902 
PiumMB, Hyon THERON, Assistant Professor Alternating Currents, Purdue 
University, West Lafayette, Ind. June 19, 1903 
PopLESAK, Emit, President and Manager, N. J. Eng. & Const. Co., Morris- 
town, N. J. Jan. 23, 1903 


PorriER, ALFRED E., Manager, N.*Y. & N. J. Tel. Co., 160 Market St., 
Newark, N. J., res., 29 W. 21st St., New York City. May 21,1901 


Pomeroy, JAMEs G., Western Manager, Adams Bagnall Electric Co., 309 
Dearborn St., Chicago, II. Mar. 27, 1903 


Pomeroy, Lewis Roserts, Special Representative Railway Dept., Gen- 
eral Electric Co., 44 Broad St., New York City. Aug. 22, 1902 

Pomeroy, W1111AM D., The Bullock Electric Mfg. Co., Cincinnati, Ohio. 
Mar. 22, 1899 


Porzt, Harry BonFiEtp, Switchboard Attendant, Lachine Rapids, 
Hydraulic & L. Co., 160 McCord St., Montreal, P.Q. Mar. 27. 1903 


Pore, Henry Wirviiam, American Telephone & Telegraph Co., 15 Dey 
St., New York City. Mar. 23, 1898 


Pore, RatpH WAINWRIGHT, Secretary to the American Institute of Elec- 
trical Engineers, 95 Liberty St., New York City. June 2, 1885 


PortTeR, CHARLES HuntinctTon, Chase-Shawmut Co.; res., 6. Washing- 


_ ‘ton St., Newburyport, Mass. a Dec. 19, 1902 
Eopet Oe eee as & Porter, 52 William SHEN i hae 
Bee Oncas vee eh Ras & ne res., 960 Mar. 27, 1908 
Pott, ea oe Sanne Engineer, Ao ee ere 
ee etosiee ys Ciedeiphias ba. Rak Be tos 


Louis MaxweE tt, Constructing Engineer, Rowland Telegraphic 
Be Co cor Baltimore and Holliday Sts., Baltimore, Md. Sept. 6, 1902 


PoweE.t, Epwin Burn.ey, Technician, The New York Edison Co., 38th 


St. and First Ave., New York City. ; eV ags tapes 
, Percy Howarp, AV-E., Bridgeport Brass Co.; -res., 157 Coleman 
a Bridgeport, Conn. - Sept. 25, 1895 


(27) 


386 ASSOCIATES. 


PoweEtson, Witrrep Van Nest, Government Inspector, Electrical 
Appliances; Lieut. U.S.N., Navy Yard, Bklyn., N.Y. Jan. 24, 1900 


Pratt, ALEXANDER, Supt. H. R. T. & L. Co.,; res., Matlock Ave., near 


Ptkoi St., Honolulu, H. T. Jan. 23, 1903 
Pratt, ArtHuR C., Electrician, Missouri River Pr. Co., Canyon Ferry, 
Mont. Jan. 23, 1903 
Pratt, CHARLES Ricuarpson, Mechanical Engineer, Marine Engine and 
Machine Co., Harrison; res., Montclair, N. J. May 19, 1903 
Pratt, Witt1AM Hemmenway, Designing Engineer, General Electric Cor 
res., 60 Eastern Ave., Lynn, Mass. Jan. 3, 1902 
Price, Cuas. W., Editor, the Electrical Review, 13 Park Row, New York 
City; res., 223 Garfield Pl., Brooklyn, N. Y. Sept. 19, 1894 
Price, Epcar F., Works Manager, Union Carbide Co.; res., 625 Buffalo 
Ave., Niagara Falls, N. Y. June 27, 1895 
Price, Harotp WILBERFORCE, Demonstrator in Electrical Engineering, 
; School of Practical Science, Toronto, Ont. Dec. 18, 1903 
Price, James A., Inspector, New York Board of Fire Underwriters; res., 
184 27th St., Brooklyn,.N. Y. Apr. 23, 1903 
Price, Norman I., General Electric Co.; res., 839 Union St., Schenectady, 
N. Y Feb. 28, 1902 


PRINCE, FREDERICK WELLES, Superintendent of Construction, Hartford 
Electric Light Co.; res., 821 Broad St., Hartford, Ct. Oct. 23, 1903 


Prince, J. Ltoyp, The New York Edison Co., New York City; res., 868 
Flatbush Ave. (Flatbush Station), Brooklyn, N. Y. Feb. 27, 1895 


Proctor, Tuos, L., Marine Electrical Equipment, 39 Cortlandt St., New 
York; res., Elmhurst, L. I., N. Y. Apr. 18, 1894 


Prosser, HERMAN A., Manager, De Lamar Copper Refining Works, Car- 


taret, N. J.; res., Elizabeth, N. J. Jan. 26, 1898 
Proutt, FREDERICK GerorGE, Electrical Engineer, The Memphis Light 
and Power Co., 46 Tate St., Memphis, Tenn. May 19, 1903 


-Pupin, Micuaet, I., Adjunct Professor in Mechanics, Columbia Uni- 
versity; res., 280 North Broadway, Yonkers, N. Y. Mar. 18, 1890 
Putnam, Josepn Epwarp, Assistant on Electrolysis, Engineering Bureau 
of the City of Rochester, City Hall, Rochester, N. Y. Mar. 27, 1903 
Putt, Harvey J., Chief Electrical Operator, Manhattan Railway Co., 74th 
St. and East River, New York City. Mar. 27, 1903 
Rapiey, Guy Ricuarpson, Foreman Meterand Testing Dept., Milwau- 
kee Electric Railway and Light Co., Milwaukee, Wis. Sept. 25, 1903 
RavrKE, ALBERT AuGustus, Shattuck School, Faribault, Minn. 
Mar. 28, 1902 
Ramsey, JAMEs C., Jr., Electrical Engineer, The American Woolen Co.; 
tes., Lawrence, Mass. Apr. 23, 1903 
RanDALL, JOHN E., Cleveland Lamp Factory, cor. Mason & Beldon Sts., 
Cleveland, Ohio. May 7, 1889 
RanpDAaLt, Kart CHANDLER, Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Dec. 19, 1902 
Ranpovpy, L. S., Professor of Mechanical Engineering, Blacksburg, Va. 
Feb. 21, 1893 
Ranporpu, MERvYN Pauvt. District Office Manager, Westinghouse E. & 
M, Co., 314 Occidental Ave., Seattle, Wash. Jan. 24, 1902 
Ranging, DE Lancy, General Manager, Sec’y and Treasurer, Tonawanda 
Power Co., 334 Buffalo Ave., Niagara Falls, N. Y. Mar. 27, 1903 
Rankine, WitLiam B,, 2d Vice-President, and Manager Niagara Falls 
Power Co., Niagara Falls, N.Y. ~ Jan. 23, 1903 
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Ranson, ALLEN Epwarp, Electrical Engineer, Lewiston Water & Power 
Co., Lewiston, Idaho, Jan. 3, 1902 
Rav, Otro Martin, Chief Electrician and Supt., Lighting Dept., Milwau- 
kee Electric Railway and Light Co., Milwaukee, Wis. Feb. 27, 1903 

Ray, Wixuiam D., Engineer, 123 Alger Ave.. Detroit, Mich. 
Sept. 27, 1892 
Raymonp, Epwarp Brackett, Electrical Engineer, General Electric Co., 


Schenectady, N. Y. May 20, 1902 

Rea, Norman Lestip, Student in Testing Department, General Electric 

€o7, res, 1). Hamlin St, Schenectady, N. Y. Aug, 22, 1902 

Reap, Rosert H., Patent Attorney, General Electric Co., Schenectady, 

NS YS Jan. 19, 1892 
Reep, Cuas. J., Electrician, 3313 N. 16th St., Philadelphia, Pa. 

‘ Mar. 5, 1889 

Reep, Harry D., Superintendent Bishop Gutta Percha Co., 420 East 25th 

St., New York City; res., Newark. Na Sept. 19, 1894 


Reep, Henry A., Secretary and Manager, Bishop Gutta-Percha Co., 422 
East 25th St., New York City; res., Newark, N. J. June 4, 1899 


REED, Ropert Carter, Superintendent of Electrical Department, Car- 


negie Steel Co.; res., Conneaut, Ohio. Apr. 23, 1903 
Reep, Water Witson, Electrical Engineer, New Plant Citizen’s’ Elec- 
tric Light and Power Co., Houston, Texas. Apr. 26, 1899 
REGESTEIN, ERNEsT ALBRECHT, Instructor, Lehigh University; res., 215 
Wall St., South Bethlehem, Pa. May 19, 1903 
REGESTER, CHARLES W., Salesman, Westinghouse Electric and Mfg. Co., 
171 La Salle St., Chicago, Ill. , Dec. 19, 1902 
Reicu, Wixiiam I., Tester of Dynamos, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. May 19, 1903 
REICHENBACH, FREDERICK, Electrician, The Chesapeake and Potomac 
Telephone Co., Washington, D. C. May 19, 1903 
ReEIcHMANN, Fritz, Cleveland, Ohio. Mar. 23, 1898 
REID, CLARENCE ERLE, 1940 5th St., N. W. Washington, D. C. 
May 19. 1903 
Reip, Epwin S., General Supt. and Engineer, National Conduit and Cable 
Co., Oxford Court, Cannon St.,; London, Eng. Feb. 26, 1896 
Reip, Wi.iiaM, Installing Dept., Kellogg Switchboard and Supply Co., 
Congress and Green Sts., Chicago, II. May 21, 1901 


REILLY, Harry WINNE, 81 Calle de Agiar, Havana, Cuba. Jan. 3, 1902 
ReEILLy, Joun C., General Supt., N. Y. & N. J. Tel. Co., 81 Willoughby 
: St., Brooklyn, N. Y. Apr. 15, 1884 
REMSCHEL, CESAR WiLHELM AvuGustT, Electrical Engineer, Westing- 
house E & M Co., 425 Market St., San Francisco, Cal. 


Feb. 28, 1902 

RENNARD, JOHN CuiFForD, A.B., E.E., Asst. Chief Engineer, New York 
ss Teledhons Co., 15 Dey St., New York City. Jan. 16, 1895 
RENSHAW, CLARENCE, Electrical Engineer, Westinghouse Electric and 
_ Mfg. Co., Pittsburg, Pa. Aug. 22, 1902 

, Frans Oscar, Superintendent, The Regla Power Co.,Pachuca, 

SOE ald ‘ Feb. 28, 1900 
REpLoGLE, JAMES GILLESPIE BLarnE, Electrical Engineer, Blackwood 
ie Coal if Coke Co., Blackwood, Va. Oct..24, 1902 


REUTERDAHL, ArRvip, President and Chief Engineer, The Reuterdahl 
a Electric Co., Providence, R. I. ; Nov. 22, 1901 

, Epwarp LanpspAaLe, Manager of Pennsylvania Sales Office; 

pet the Electric Storage Battery Co., Philadelphia, Pa. May 19, 1903 
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Reynotps, Harry F., Engineer and Superintendent, Marion Light and 
Heating Co., 413 Glass Block, Marion, Ind. Mar. 27, 1903 
Reyno.tps, Louis EMBLEE, Electrical Engineer; res., 524 Towne Ave., Los 
Angeles, Cal. Mar. 28, 1902 
Ruopes, FrepeRrIcK LELAND, Electrical Engineer, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
Ruopes, Harry Asp, Chief Engineer, The Colorado Telephone Co., 1447 
Lawrence St.; res., 905 14th St., Denver, Colo. Mar. 27, 1903 
Ripon, Martin GERMAN, Manager, The Mexican Gas and Electric Light 
Co., Ltd., 7 Santa Clara, Mexico City, Mex. May 19, 1903 
Rice, ArtHuR, Engineer, The New York Telephone Co., 30 Gold St.; res., 
453 W. 117th St., New York City. Mar. 27, 1903 
Ricz, ArtHuR Louis, Managing Editor, The Engineer, Publishing Co., 
355 Dearborn St., Chicago, Ill. Oct. 21, 1896 
Ricr, Martin P., Chief of Publication Bureau, General Electric Co., 
Schenectady,N . Y. fay 21, 1901 


_ Ricn, DANIEL Henry, Engineer, North Platte, Nebraska. Mar. 27, 1903 
Ricu, EpwarpD BurRwELL, Salesman, Westinghouse Electric and Mfg. Co., 


120 Broadway, New York City. June 19, 1903 
Ricu, Francis ARTHUR, Manager, Woodstock G. M. Co., Karangahake, 
Auckland, New Zealand. Jan. 20, 1897 
Ricuarpson, Harry Wess, Engineer in Meter Department, General 
Electric Co., Lynn; res., Beachmont, Mass. Apr. 23, 1903 
RicHarpson, THomas SmitH, Member of Engineering Corps, Denver Gas 
and Electric Co., Denver, Colo. Mar. 27, 1903 
Ricnry, Arsert S., Electrical Engineer, Indiana Union Traction Co.,; 
213 West 9th St., Anderson, Ind. May 18, 1897 


RicuTBerGc, Hermann AnpbrREAS, Electrical Engineer, Westinghouse 
Electric & Mfg. Co., Newark Works, Newark, N. J. Sept. 27, 1901 
Rieovut, ALEXANDER C., LL.D., Consulting. Elec. and Mech. Engineer, 
Rideout & Gage, 101 Randolph St., Chicago, Ill. Aug. 5, 1896 
Riptey, Wn. Howe, res., 17 W. 123d St., New York City. Feb. 17, 1897 
Ritrcuie, THomMas Epwarp, Business Manager, Royce, Ltd.; res., Dids- 
bury, Manchester, Eng. May 20, 1902 
Ritscuy, Lewis Joun, Assistant Superintendent, Station A, Laclede Gas 
Light Co., Main St., St. Louis, Mo. . Dec. 18, 1903 
RitTENHOUSE, WALTER B., Mechanical Engineer, Great Northern Power 
Co., 315 Providence Building, Duluth, Minn. Sept. 25, 1903 
Rivet, Antorne Rusu ,Financial and Commercial Editor, Globe-Demo- 
crat; res., 7511 Pennsylvania Ave., St. Louis, Mo. May 19 ,1903 
Ross, Georce C., Erecting Engineer, Stanley Elec. Mfg. Co., Pittsfield, 
Mass. Jan. 23, 1903 
RopsiNns, CHARLES, Salesman, Westinghouse Electric and Mfg. Co., 120 
Broadway, New York City; res., Montclair, N. J. Apr. 28, 1903 
RossBins, Percy ARTHUR, Consulting Mech. & Elec. Engineer, De Be 
Consolidated Mines Ltd., Kimberley ,Cape Calvay SA ans 19, 1903 


RoBERSON, OLIVER R., Electrician, Glen Ridge, N. J. Dec. 20, 1893 
Roserts, ALLEN Davipson, Electrician, 124 King St., Kingston, Jamaica 
West Indies. ’ Nov. 22, 1899 
RoBERTS, SHELDON, Inspector, Columbus Edison Co. ‘ 
Goodall St., Columbus, Ohio. me Feb. anita 
Roserts, THomas Mayo, Mechanical Draughtsman and Electri is 
neer, Gen. Elec. Co., 84 State St., Doctan Mass. Se oan 
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Rosertson, Jas. McCarium, Superintendent, Power Department, Mon- 
treal Laght, Heat and Power Co., Montreal, P. Q. Apr. 26, 1901 
Rosgrnson, Atmon, Webster Road, Lewiston, Me. Sept. 6, 1887 
Roginson, ARTHUR L., Manager, Eclipse Mine, Auburn, Placer Co., Cal. 
May 15, 1900 

Ropinson. Dwicut Parxker, Assistant General Manager, The Seattle 
Electric Co., 907 First Ave., Seattle, Wash. Sept. 25, 1895 


RoBinson, Francis Grorce, With Interurban Railway Co.; res., 312 
West 113th St.,. New York City. : Nov. 21, 1894 


Rosrinson, Gro. P., Pacific States Telephone and Telegraph Co., 216 
Bush St., San Francisco. May 16, 1899 


RoBinson, JOHN Knowtton, Agent, West Coast of South America, West- 
inghouse Elec. and Mfg. Co., Iquique, Chili, S. A. Sept. 26, 1902 


Roginson, Larorest GEeorGE, Engineer and Inspector in charge of Ter- 
minal Station, Shawinegan W. P. Co., Montreal, P. Q. Feb. 27, 1903 


RocueE, Percy, Electro Manganese Co., Ltd., Shawinigan Falls, P. Q. 
Mar. 27, 1903 


Rockwoop, Dwicut Carrincton, Electrical Engineer, Westinghouse 


Electric and Mfg. Co., Pittsburg, Pa. Mar. 22, 1901 
Ropcers, ASHMEAD Gray, Assistant Superintendent, The Carborundum 
Co., Niagara Falls, N. Y. Sept. 27, 1901 
ROEBLING, FERDINAND W., Manufacturer of Electrical Wires and Cables, 
Trenton, N. J Tune 8, 1887 
RoepING, Henry Urricn, Sales Engineer, Jno. Martin & Co., 691 New 
Montgomery St., San Francisco, Cal. Sep. 25, 1903 
RoeuL, CHARLES Epwarp, Electrical Engineer, Brooklyn Rapid Transit 
Co., 168 Montague St., Brooklyn, N. Y. Jan. 23, 1903 
RoeTTincEeR, Ep. Marsu, Night Foreman Test Department, Bullock 
Electric Mfg. Co., Cincinnati, Ohio. Feb. 27, 1903 
Rocers, JOHN JAMES ROBERT CHARLES, Electrical Engineer, Lighting 
Station, Yaralla Concord, Sydney, N. 5S. W. Mey 19, 1903 
Rocers, Neuson W., Electrician, Cooper-Hewitt Laboratory, Madison 
Square Garden Tower, New York City. May 21, 1901 
Rotr, ArtTHUR F., Sales Engineer, Bullock Electric Mfg. Co., St. Paul 
Building, New York City. Feb. 27, 1903 
Rooke, Tuomas, Resident Engineer, Messrs. Preece & Cardew, Town 
Hall, Sydney, N. S. Wales. Jan. 23, 1903 
Roper, DENNEY W., Electrical Engineer, Chicago Edison Co., 139 Adams 
St., Chicago, Ill. June 6, .1893 
Rorty, Matcotrm CuurcuiLi, Assistant to Traffic Engineer, American 
Tel. and Tel. Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
RosesrucH, Tuomas Reeve, Professor of Electrical Engineering, Uni- 
versity of Toronto, Toronto, Ont. June 26, 1891 
Rosensaum, Wo. A., Attorney in Patent Cases, Nassau-Beekman Build- 
ing, 140 Nassau St., New York City. Jan. 3, 1889 


RosENBERG, E. M., M.E., 1388 W. 85th St., New York City. Oct. 21, 1890 


ROSENBLATT, GIRARD B., Engineering Student, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Mar. 27, 1903 


, GILBERT, Royal Societies Club, London, Eng. 
RosENBUSCH NA Sept. 28, 1898 - 


-Rosenouest, EuceENE H., President and General Manager, the. Bronx 


Gas and Electric Co., Westchester, N. Y. Mar. 27, 1903 
RosENTHAL, Leon WALTER, Electrical Engineer, Columbia University; 


res., 240 West 137th St., New York City. Aug, 22, 1902 
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Ross, TayLor Witi1am, Newport News Shipbuilding and Dry Dock Co.; 


res., 3114 West Ave., Newport News, Va. Mar. 25, 1896 
Rossi, Haroxp J., San Marten Texmelucan, Ede Pueblo, Mexico. 
Oct. 24, 1900 
Rossman, James G., President B. R. Electric Co., 52 Peachtree St., 
Atlanta, Ga. Sept. 25, 1903 
Roucu, GrorcEe CRUIKSHANK, Manager Eastern Office, The Packard 
Electric Co., Ltd., Montreal, P. Q. Apr. 23, 1903 
Rowe, BERTRAND Perry, Detail Engineering Office, Westinghouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. Oct. 20, 1903 
Rowe, Greorce CLARENCE, Electrical Engineer, Cia de Electridad de 
Cuba, Aguiar 81, Havana, Cuba. Feb. 27, 1903 


Row tanp, ARTHUR JoHN, Professor of Electrical Engineering, Drexel 
Institute; res., 4510 Osage Ave., Philadelphia, Pa. Sept. 19, 1894 


Row anv, HerBert RayMonp, havinserian Department, Philadelphia 


Rapid Transit Co., Philadelphia, Pa. Sept. 26, 1902 
Royse, WaLTerR A. President Rovse & Batley, 16 E. Market St., Indian- 
apolis, Ind. May ‘19, 1903 
Rucker, BenjJAMIN Parks, Electrical Designer and Draftsman, WeSting- 
house E. & M. Co., Pittsburg, Pa. July 28, 1903 
RuUCKGABER, ALBERT FELIX, Rand Transit Subway Construction Co., 
Park Row Building, New York City. Nov. 22, 1901 


RuEBEL, Ernst, Engineer, Ruebel Schwettmann Wells, 301 Chemical 
Building; res., 4649 Cottage Ave., St. Louis. Mo. Apr. 23, 1903 


RuFFNER, CHARLES tire: Eicseucie! The Telluride Power Co.; res., 
Telluride, Colo. Feb. 28, 1902 


Ruro, Henry Nrimis, Traffic Department, The New York and New Jersey 
Telephone Co., 18 Cortlandt St., New York City. Mar. 27, 1903 


Rucc, WALTER S., Engineer, Westinghouse Elec. & Mfg. Co., 11 Pine St.; 


res.; 225 W. 83d St., New York City* Mar. 28, 1902 
RusuMoreE, SAMUEL W., Proprietor, Rushmore Dynamo Works, 629 
South Ave., Plainfield, N. J. Mar. 28, 1903 
Russe, EDGAR, Captain Signal Corps, U.S. A., War Department, Wash- 
ington, D.C. Nov. 22, 1901 
RussELLt, GEORGE WitiaM, Jr., Electrical Engineer and Contractor, 
Russell & Co., 500 5th Ave., New York City. Jan. 23, 1903 
RusseEtt, H. A., Sales Agent, General Electric Co., res.; 302 Laurel St., 
San Francisco, Cal. Nov. 22, 1899 
Rustin, Henry, Chief Electrical and Mechanic Engineer of World’s 
Fair, St. Louis, Mo. Oct. 24, 1900 
RuTHERFOORD, Brasazon, Electrical Engineer, The Allegheny County 
Light Co.; res., 6327 Howe St, Pittsburg, Pa. July 25, 1902 


Ryan, WALTER D’ Arcy, Engineer, General Electric Co., Lynn, Mass. 


Jan. 24, 1902 
Ryp_r, M. P., Supt. of Bronx Dist., New York Edison Co., 140th St. and 


Rider Ave., New York City. May 21, 1901 
Ryerson, Wm. Newron, Supt. Substations, Manhattan Railway Co., 
215 W. 100th St. , New York City. Aug. 28, 1899 


RyPINSsKI, MAuRICE Cuantes, Superintendent of Factory, Empire Elec- 
trical Instrument C Co., 654 Hudson St., N. Y. City. Mar. 27, 1903 


SaccaGcio, PrETROo CELEsTINO, Leading Drathemair Estacion Tallero 
(F. C. Sud), Dept. Locomotora, Buenos Aires, A. R. June 19, 1903 
SaceE, Darrow, with J. E. Lewis, Ruggery eure Columbus, Ohio. 
Sept. 27, 1901 
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Sace, Freperick Britrain, Room 1302 Havemeyer Building, New 


York City. May 21, 1901 
SaHULKA, Dr. JonHann, Docent of Electrotechnics, Technische Hochschule 
Vienna, Austria. Dec. 20, 1893 


SAMMETT, MaTTHEW ALEXANDER, Electrical Engineer, Lachine Rapids 

Hyd. & Land Co., 160 McCord St., Montreal, P.Q. Mar. 27, 1903 
SAMPSON, GEORGE HEnrRY, JR., 595 Madison St., Portland, Ore. 

Dec. 19, 1902 

SANBORN, Francis N., 47 Brevoort Pl., Brooklyn, N. Y. Nov. 24, 1891 

SANDBORGH, OLor, ALFRED, Engineer, Westinghouse E. & M. Co., Pitts- 


burg, Pa.; res., East Orange, N. J. Mar. 27, 1903 
SANDERSON, Epwin N., Of Sanderson & Porter, Engineers and Contractors 
* 52 William St., New York City. Oct. 17, 1894 
SANFORD, Eart L., Apprentice, Westinghouse Electric and Mfg. Co., 
Pittsburg, Pa. Apr. 23; 1903 
SANFORD, GEORGE Epwin, Electrician, General Electric Co.;  res., 19 
Hanover St., Lynn, Mass. Apr. 28, 1903 
SANGSTER, JosHuUA, Hamilton Electric Light and Cataract Power Co., St. 
Catharines, Ont. Jan. 23, 1903 
SANVILLE, Henry F., Electric Railway Material, 710 Girard Trust Build- 
ing, Philadelphia, Pa. Feb. 28, 1901 
SARENGAPANI, T. S., Head Draftsman, P. W. Karantattamkndy, Tanjore, 
Madras, India. Mar. 27, 1903 
SarRGENT, Howarp R., Electrical Engineer General Electric Co., res.; 
409 Union St., Schenectady, N. Y. Mar. 25, 1896 
SATHERBERG, Cart Huco, Chief Engineer, The Midvale Steel Co., Nice- 
town Philadelphia, Pa. J Aug. 5, 1896 
Sawin, GEORGE ALFRED, Assistant Engineer, Meter Department, General 
Electric Co.; res., 41 Market Sq., Lynn, Mass. Apr. 28, 1903 


Sawyer, BurTON MansFIe Lp, Electrical Engineer, Westinghouse Electric 
and Mfg. Co.; res., 5811 Rippey St., Pittsburg, Pa. Nov. 20,1903 


SawYeEr, WILLETS HERBERT, Engineer, Railway Engineering Department 
General Electric Co., Schenectady, N. Y. Feb, 28, 1902 
SAXELBY, FREDERICK, Electrical Engineer, Bullock Electric Mfg.Co., 220 


Broadway, New York: res., East Orange, N.J. June 5, 1888 
SayLor, FREDERICK ALEXANDER, c/o Charles G. Thrall, 15 O’Reilly St. 
[Life Member.] Havana, Cuba. Jan. 24, 1900 
ScarFE, GEorGE, Jivision Superintendent, California Gas and Electric 

Co., Nevada City, Cal. Sept. 25, 1903 
ScaRLETT, WILLIAM, Supervising Engineer, Eastern Electric Construc- 
- tion Co., of Phil.; res., 133 Ist St., Troy, NwY. July 28, 1903 
“ Henry Warren, Engineering Department, Interurban Street 
Be ui ay Co., 621 Broadway, New York City. July 28,.1903 


ScuraFFIno, Mariano L., Chief Electrician, Compania de Luz Electrica, 
Guadalajara, Mexico. ? Feb. 28, 1900 
ScHILDHAUER, Epwarp, Engineering Department, Chicago Edison Co., 


139 Adams St., Chicago, Ill. Nov. 22, 1901 
ScuLossER, FRED. G., General Manager, Citizen’s Light and Transit Co., 
Pine Bluff, Ark. Sept. 22, 1891 


= RG, CARL GEORGE, 4203 Fifth Ave., Pittsburg, Pa. 
ScHLUEDERBER( . July 25, 1902 
-Scutuss, Kurt, Electrical Engineer, Tacoma. Railway and Power Co., 


Box 700, Tacoma, Wash. Feb. 20, 1903 
Ernest E., Are Lamp Expert, General Incandescent Light Co., 
Gn Pee Building, Cincinnati, Ohio. _ Mar. 27, 1903 
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Scumipt, Cuas. J., Patent Solicitor, with Charles A. Brown, Attorney, 1450 
Monadnock Building, Chicago, II. Jan. 9, 1901 
Scumipt, Henry FREDERICK, Student, Columbia University; res., 60 
West 94th St., New York City. May 20, 1902 
Scumipt, LAMBERT, President, The Lambert Schmidt Tel. Mfg. Co., 85 
Maple St., Weehawken, N. J. Nov. 22, 1901 
Scumipt, Louis Mitton, Engineer Alternating Department, General 
Electric Co.; res., 76 New Park St., Lynn, Mass. May 19, 1903 
Scumipt, WatrEer, Mechanical Engineer, Westinghouse Electric and Mfg. 
Co.; res., 4953 Center Ave., Pittsburg, Pa. _ Apr. 23 ,1903 
Scumitt, FREDERICK E., Associate Editor, Engineering News, 220 Broad- 
way, New York City. Noy. 20, 1903 
Scunuck, EpwarpD FREDERICK, General Superintendent, Arbuckle Bros.; 
res., 119 E. 19th St., Brooklyn, N. Y. Feb. 27, 1903 
ScHONHEIDER, RUDOLPH CHARLES, Chicago, Burlington and Quincy R. R.; 
res., Highwood, Minn. Apr. 23, 1903 
ScHOOLFIELD, FRANK Ropert, Chief Engineer, Baltimore Smelting and 
Rolling Co., Canton, Baltimore, Md. May 16, 1899 
ScuramM, ApoLpH WittraM, Assistant Professor of Electrical Engineer- 
ing, University of Penn., Philadelphia. Pa. Apr. 23, 1903 
ScHREIBER, HreRMAN VicToR, Chief Engineer, Augusta Railway and 
Electric Co., Augusta, Ga. Sept. 25, 1903 
ScHREIBER, Martin, Assisting Engineer, Public Service Corporation of 
New Jersey, 29 Exchange Pl., Jersey City, N. J. Apr. 23, 1903 
ScHRENK, ARNOLD, Tester, General Electric Co.; res., 243 Union St., 
Schenectady, N. Y. June 19, 1903 
ScHUCHARDT, RupoLPH FREDERICK, Electrical Engineer in Testing Labor- 
atory,.Chic. Edison Co., 1389 Adams St., Chicago, Ill. Apr. 23, 1903 
ScuueEtTz, FREDERICK FABER DU Faur, Student, Stevens Institute of 
Technology, Hoboken; res., Newark, N. J. Mar. 27, 1903 
Scutm, Cuas: H., Electrical Engineer, Storey Motor and Electric Co., 
Harrison, N. J.; res., 216 8d Ave., New York City. Feb. 23, 1898 
Scuuric, Epwarp F., City Electrician, The City of Omaha, 306 City Hall, 
Omaha, Neb. Apr. 26, 1899 
ScuwaB, Martin C., Electrical Engineer, with Northern Electric Co., 15 
South St.; res., 1729 Madison Ave., Baltimore, Md. Nov. 18, 1896 
ScuwaBeE, Wa TER P., Supt. Rutherford Dist., The Gas and Electrie Co., 


of Bergen Co., Rutherford, N. J. May 19, 1896 
ScHWARTz, Cart, Electrical Engineer, Chicago Edison Co., 139 Adams St.: 
res., 1411 Windsor Ave., Chicago, IIl. Feb. 27, 1903 
Scuwarz, Etmer H., Electrical Engineer, Board of Patent Control, 120 
Broadway, New York City. Dec. 18, 1908 
SCHWAUHAUSSER, FREDERICK, JR., Clerk, Charles Beseler Co.; 251 Centre 
St., New York City. Mar. 27, 1903 


ScHWEITzER, EpMuND Oscar, Testing Laboratory, Chicago Edison Co 
139 E. Adams St.; res., 672 Fullerton Ave., Chicagar Feb. 15, 1899 


ScCHWENNICKE, Paut H., Chr. Manager of Berginhe Electric Works; res., 


129 Croncuberger Sts., Solingen, Germany. © May 19, 1903 
SCHWERMER, FELIx Tueopor, Construction Engineer, General Electric 

Co., Schenectady, N. Y. Feb. 27, 1903 ~ 
ScorreLp, Epwarp H., Electrical Engineer Twin City Rapid T : 

2700 Blaisdell Ave., Minneapolis, Minn. u i Maria nload 
Scorr, ArTHUR Curtis, Professor of Electrical Engineering, University 

of Texas, Austin, Texas. : June 19, 1903 
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Scott, JAMES CromBiE, Manager Borough Electrical Works, Gore, Otago, 
New Zealand. ' July 19, 1903 


Scott, Quincy Apams, Electrical Engineering Department, Westinghouse 


Electric and Mfg. Co., Pittsburg, Pa. Dec. 19, 1902 
Scott, Rosert Jurtan, Professor of Engineering and Electricity, New 
Zealand University, Christchurch, N. Z. Oct. 24, 1902 
Scott, Wm. M., Electrical Engineer, The Cutter Electric and Mfg. Co., 
19th and Hamilton Sts., Philadelphia, Pa. June 23, 1897 
SCRIBNER, CHARLEs E., Engineer, Western Electric Co., 259 South Clinton 
St., Chicago, Ill. Mar. 28, 1902 
ScruBy, Ropinert, Electrician, Western Electric Co.; res., 443 Wash- 
ington Boulevard, Chicago, IIl. Apr. 238, 1903 
ScuUDDER, Hewett, Jr., Wendell Ave. & Douglas Road, Schenectady, 
INGaYe Nov. 22, 1899 
SEABROOK, Henry Hamiiton, Office, Westinghouse E. & M. Co., Conti- 
nental Trust Building, Baltimore, Md. Jan. 24, 1902 
SEAMAN, Epwin Hopkins, Student, Polytechnic Institute, Brooklyn; 
res., Wantagh, Long Island, N. Y. Mar. 27, 1903 
SEAMAN, JOSEPH B., Chief of Testing Dept., Philadelphia Electric Co., 122 
Arch St., Philadelphia, Pa. May 19, 1903 


SEARING, Lewis, Vice-President and General Manager, Denver Engineer- 
ing Works, Co,, 901 East Tenth Ave., Denver, Colo. Apr. 3, 1888 


SEARLES, A, L., Electrical Engineer, Fort Wayne Electric Works, 222 


Houseman Building, Grand Rapids, Mich. Apr. 18, 1894 
Sepewick, C. E., Agent, Fort Wayne Electric Works, 623 Marquette 
Building, Chicago, Ill. Feb. 23, 1898 

See, Atonzo B., A. B. See Electric Elevator Co., 220 Broadway, New 
York City; res., Lake Mahopac, N.Y. Jan. 17, 1893 
SELDEN, ANDREW KENNETH, JR., Assistant Engineer, Crocker-Wheeler 
Co., Ampere; res., East Orange, N. J. Apr. 23, 1903 
SeMENzA, Guibo, Chief Electrical Engineer, Italian Edison Co., of Milan 
4 Via Paleocapa, Milan, Italy. May 20, 1902 
SpmpLe, BERT ERNEST, Meter Expert, General Electric Co.; res., 408 East 
43d St., Chicago, Ill. Nov. 21, 1902 
SENSTIUS, SEBASTIAAN, Electrical Engineer, Bullock Electric Mfg. Co. 
Cincinnati, Ohio. Feb. 27, 1903 
SeRRELL, LEmMuEL Wo., Mechanical and Electrical Engineer, 99 Cedar St., 
New York City; res., Plainfield, N. J. Nov. 1, 1887 
Sessions, Epson OLiveErR, Sales Engineer, Stanley E. Mfg. Co., Monad- 
nock Block, Chicago, Ill. Mart. 28, 1902 
Sressrons) FraNK Lorp, Mechanical and Electrical Engineer, The Jeffrey 
Mfg. Co., Columbus, Ohio. Nov. 21, 1902 
SEssions, WALTER SAMUEL, Operator, The Pacific Electric Railway Co. ; 
res., 618 So. Bonnie Brae St., Los Angeles, Cal. Sept. 25, 1903 

gE Cart, Instructor in Electrical Engineering Department, 
eee Wisconsin, Madison, Wis. ‘. Feb. 27, 1903 
SHAFFNER, S. C., Supt. and Electrician, Electric Lighting Co., of Mobile, 
305 St. Anthony St., Mobile, Ala. Aug. 13, 1897 


HARP, CLAYTON Hatsey, Test Officer, Lamp Testing Bureau, 80th St.& 
: East End Ave., New York City; res., Newark, N. J. Feb. 28, 1902 
SHarp, FREDERICK Bassett, Manager, The Liberty Light and Power Co., 

Liberty, N. Y. May 19, 1903 
Suaw, ArBion WaLkeER, Electrical Engineer with Stone & Webster, 84 
3 State St., Boston; res., 25 Pierce St., Malden, Mass. Oct. 19, 1902 
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Suaw, Atonzo Benjamin, Electrician, Edison Electric Illuminating Co., 


of Boston; res., 46 Barry St., Dorchester, Mass. Sept. 25, 1903 

Suaw, AvuBREY Norman, Draftsman, A. B. See Electric Elevator Co.; 
; res., 298 Carlton Ave., Brooklyn, N. Y. Mar. 28, 1900 
Suaw, Howarp Burton, Professor Electrical Engineering, Missouri State 
University, Columbia, Mo. Apr. 28, 1897 
SHEARER, J. Harry, Electrical Engineer, National Electric Light Co., 
Mexico City, Mexico. Jan. 24, 1900 
SHELDON, Epwarp ELLIs, Superintendent, F. L. Frost, 47 Hudson Ave., 
Albany, N. Y. Apr. 25, 1902 
SHELDON, S1pNEY Rosey, Professor of Electrical Engineering, University 
of Idaho, Moscow, Idaho. Nov. 21,1902 
Sueparp, Rosperrto R., Erecting Engineer, Mexican General Electric Co., 
Mexico, Mex. ‘ Jan. 24, 1900 
SHEPHERD, FraNK Rovanp, Assistant Engineer and Business Manager, 
Noyes Brothers; res., Roslyn, Dunedin, N. Z. Sept. 25, 1903 
SHERWOOD, EpGar F., Superintendent of Traffic, New York Telephone 
Co., 122 E. 18th St.; res., East Orange, N. J. Mar. 28, 1902 
SHERWOOD, IRvinc Howarp, Electrical Engineer, E. P. Roberts & Co. 
- 603 Electric Building, Cleveland, Ohio. _ May 19, 1903 
SHIPMAN, BENNET CARROLL, Construction Engr., Westinghouse Elec. & 
Mfg. Co., Montreal, P. Q. Jan. 23, 1903 
Sock, Tuos. A W., Electrical Engineer, York Haven Water and Power 
Co.; res., 224 Carlisle Ave., York, Pa. Mar. 20, 1885 


SuHusTER, Joun Westey, Instructor in Electrical Engineering, University 
of Wisconsin; res., 235 W. Gilman St., Madison, Wis. Jan. 3, 1902 


Stsrey, Ropert, Professor, Mechanical Engineering Department, 


University of Montana, Missoula, Mont. Oct. 23, 1903 
SIEBERT, ALGERNON T., Experimentalist, Pyro Electric Co., 162 Alden 
St., Orange, N. J. May 20, 1902 


S1eEGFRIED, JosEpH HENRy, Union Electric Light and Power Co., St. 
Louis, Mo ; Nov. 20, 1903 


StgouRNEY, WILLARD Henry, Assistant in Electrical Laboratory, Pratt 
Institute, Brooklyn, N. Y. Mar. 27, 1903 


Strver, Earv D., Student, Purdue University, 1806. Arrow Ave., Indian- 
apolis; res., 212 North St., West Lafayette, Ind. May 19, 1903 


Smmon, Artuur, Electrical Engineer, Cutler- Hammer Cor, 309: 2ist/Ste 


Milweukee, Wis. Sept. 25, 1903 
Simons, I6n, City Electrician, Charleston, S. C. June 19, 1903 
Stmonton, Marx, General. Manager and Treasurer, the Electric Supply 

and Construction Co., Columbus, Ohio. Mar. 27, 1903 
Stmpson, ALEXANDER B., Electrical Engineer, 126 E. 41st St., New York 

City. May 21, 1891 
Simpson, Ernest Leg, Electrical Engineer, The Mexican Gas and Electric 

Light Co., Santa Clara, No. 7, Mexico, Mex, Sept. 27, 1901 
Srvpson, J Mantey, Minneapolis Steel and Machinery Co., Minneapolis. 

_ Minn Jan. 25, 1899 
Simpson, Tuomas T., Gen. Supt., The Capital Power Co., Ltd., Deschenes, 

Que. b Jan. 23, 1903 
Simpson, Witt Hosea, Traffic Chief, Western Union Telegraph Co., 

Denver, Colo. Mar. 27, 1903 
SINCLAIR, Ancus, Editor and Publisher, Railway and Locomotive Engin- 

eertng, 174 Broadway, New York City. _ Dec. 18, 1903 
SINCLAIR, JOHN J., Engineer, Westinghouse E. &. M Co., Pittsburg, Pa. 

Jan. 23, 1903 
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Sinciarr, LINDLEY Epcar, General Superintendent, Potomac Electric 


Power Co.; res., 3318 O St., Washington, D. C. July 28, 1903 
SISE, CHARLES F., President, Bell Telephone Co., of Canada, Montreal, 
Can. : June 8, 1887 
SKELDING, ARTHUR BertTRAmM, General Manager, Consolidated. Railways 
Light and Power Co., Wilmington, N. C. June 19, 1903 
SKIRROW, JOHN F.; Electrician, Postal-Telegraph Cable Co., 253 Broad- 
way, New York City; res:, East Orange, N. J: Sept. 25, 1895 


Stabe, ArtHuR J. Ph.D., Mechanical Engineer,.Grand Central Station, 
New York City; res., 47 E. 58th St., New York City. Sept. 19, 1894 
SLATER, FrepeRiIcK R., Electrical Engineer, 2415 Park Row, Building 
New York City; res., 14 Arthur St., Yonkers, N. Y. Oct. 17, 1894 
SLtoan, JAMES Ricuarp, Electrician, Motive Power Dept., P. R. R., 
Altoona, Pa.: res., 607 West 61st Pl., Chicago, Ill. Feb. 28,:1902 
SLOANE, THomas O’Conor, Jr., Assistant in Electrical Engineering; 
Columbia University, New Yok City. | Oct. 23, 1903 
SmeEetTHuRST, Witt14am ArtHuR, Smethurst & Allen, North American 
Building, Philadelphia, Pa.; res., Washington, D.C. May 19, 1903 
Smitu, Dow S., General Superintendent, Brooklyn Rapid Transit Co., 
Brooklyn, N. Y. July 28, 1903 
SMITH, Emor A., Wire Chief, Southern N. E. Telephone Co.; res., 130 
Capitol Ave., Hartford, Conn. ] Dec. 18, 1903 
SmitH, Francis C., Gen. Supt. Harry Alexander, 18 West 34th St.; res., 


912 Home St., New York City. Jan. 23, 1903 
SmitH, FRANK WsRREN, Superintendent, The Cutler-Hammer Mfg. Co., 
_ 20 Charles St., Westfield, N. J. Sept. 27, 1901 
SMITH, FREDERICK B., Electrical Specialties, 170 Summer St., Boston, 
4 Mass. * July 26 1900 
Smitu, Harrison ARTHUR, Salesman, General Electric Co., Fowler, Ind. 
Apr. 23. 1903 

Smitu, Haypen Hosart, Manager, New York Office, The Thresher 
Electric Co., 8 Battery Pl., New York City. Dec 19, 1902 
Smitu, Howarp F., Assistant Mechanical Engineer, World’s Fair: res., 
1121 Whittier St., St. Louis, Mo. ; Apr. 23. 1903 
SmitH, Irvine B., Partner, The Wirt Electric Co., 180 Broadway, New 
Wardle (hin : : May 15, 1900 
Situ, Irvine WitiiaMs, Electrician, Bishop Gutta Percha Co., 420 E. 
25th St.; res., 5 W. 90th St:, New York. Jan. 9 1901 


SmitH, Jos—EpH ALLan, Manager Boston Office, Fort Wayne Electric 
Works, 518 Exch.’ Bldg., Boston; res. Newton, Mass. Jan. 23. 1903 


SMitH, J. Broprz, General Manager, Manchester Traction, Light and 
Power Co., 46 Hanover St., Manchester, N. H. Mar. 21, 1894 


Smitu, James Norman, Electrical Engineer, Lachine Rapids Hydraulic 
and Land Co., 160 McCord St., Montreal, P. Q. Mar. 27, 1903 


Smitu, Joun Hays, Engineering Department, Westinghouse Electric and 
Mfg. Co.,-Pittsburg, Pa. Mar. 27, 1903 


SmiTH, JULIAN CLEVELAND, Superintendent, Shawinigan Water and 
Power Co., 1724 Notre Dame St., Monfreal, P.Q. Nov. 20, 1903 


Smitu, Louis CLARENCE, Foreman of Meter Wiremen, etc., Edison Elec- 
tric Light Uo., of Philadelphia; res. Woodbury, N. J. Apr. 23. 1903 


Smitu, OBERLIN, President and Mechanical Engineer, Ferracut? Machine 
Co., Lochwold, Bridgeton, N. J. May 19, 1891 


SmitH, SAMUEL JAMES, Salesman and Installing Engineer, Crocker- 
Wheeler Co., 202 North Tryon St., Charlotte, N.C. Oct. 24, 1900 
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Sm1TH, SAMUEL Newron, President, North Shore Reduction Co., Ltd., of 
Ontario, 424 Andrus Building, Minneapolis, Minn. Oct. 25, 1901 


Smitu, SAMUEL WILLIAM, Stores Department, Montreal Light, Heat and 


Power Co.; res., 49 Walker St., Montreal, P. Q. Sept. 27, 1901 
Situ, T. JARRARD, Manufacturers and Inventors’ Electric Co., 96 Fulton 
St., New York City; res., Roselle, N. J. Apr. 19, 1892' 
Smitu, WaLTER EvuGENE, Electrician, The Unitd States Navy Departt- 
ment, Midvale Steel Works, Philadelphia, Pa. Feb. 28, 1900: 
Smitu, WALTER F., General Manager, United Gas Improvement Co.; res., 
2010 Ontario St., Philadelphia, Pa. July 26, 1900 
Smitu, Wm. Linco.n, Consulting Electrical and Illuminating Engineer; 
Concord, Mass. July 18, 1899 
SmitH, Witiiam Ne tson, Electrical Engineer, Westinghouse, Church, 
Kerr & Co., 8 Bridge St., New York City. Mar. 28, 1902 


Smitu, Wo. Stuart, U.S. N., 2538 Dwight Way, Berkeley, Cal. 
July 26, 1901 
SmyTHE, Epwin Hutcutnson, Patent Department, Western Electric Co., 


259 So. Clinton St., Chicago; res., Freeport, Ill. Apr. 23, 1903 
Snow, JouN E., Associate Professor in Electrical Engineering Department, 
Armour Institute of Technology, Chicago, Ill. Mar. 27, 1903. 
SnypeER, NATHANIEL Marion, County Surveyor for Scotts Bluff Co., 
Alliance, Nebraska. Nov. 23, 1900 
Sotomon, NATHAN CLARENCE, Assistant Engineer, with Harry Alexander, 
25 W. 33d St., New York City. Aug. 22, 1902 
SOMELLERA, GABRIEL F., Partner, Salcedo & Co., Mexico, Mex. 
Apr. 25, 1900 
SorEN, TownsEeND Hopaces, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Nov. 22, 1901 
SoutHwortH, Martin O., Chief Engineer, Commercial Electric Co., 
Indianapolis, Ind. Feb. 27, 1903 
Sowers, Davip W., President, ‘H. W. Dopp Co., 1300 Niagara St.; res., 
67 W. North St., Buffalo, N. Y. July 18, 1899 
Spain, Harry Gururie, Electrician to Post Office of Colony, Telegraph 
and Telephone, Georgetown, British Guiana. May 19, 1903 
SPALDING, Puitip LEFFINGWELL, Engineer, The Bell Telephone Co., 
Philadelphia, Pa. May 20, 1902 
SPAULDING, Piiny P., Foreman of Experimental R. R., General Electric 
Co.; res., 201 Park Ave., Schenectady, N. Y. ‘Mar. 27, 1903 


Speirs, CHaRLES Epwarp, Manager D. Van Nostrand Co., 23 Murray St., 
New York City; res., 2175 83d St., Brooklyn, N. Y. Dec. 19, 1902 


SpPELLMIRE,* WALTER B., A. W. Wychoff Co., 1723 Farmers Bank Build- 


ing, Pittsburg, Pa. May 21, 1901 
SPENCER, Cuas. J., Electrical Engineer, with N. Y.C. & H.R. R. R. 
Engineering Dept., New York City. May 21, 1901 
SPENCER FREDERICK Furmon, Assistant Engineer, Mexico General 
Electric Co. Mexico, Mex. Feb. 27, 1903 
SPENCER, FRANK BENJAMIN, with William D. Ball, 1105 Merchants Loan 
and Trust Building, Chicago, Ill. May 19, 1903 
Spencer, Harry B., Assistant Engineer, General Electric Co.; res., 423 
Summit Ave., Schenectady, N. Y. Mar. 28, 1902 
SPENCER, Paut, Inspector of Electric Plants, United Gas Improvement. 
Co., Broad and Arch Sts., Philadelphia, Pa. Nov. 30, 1897 
SPENCER, THEODORE, With Bell Telephone Co., N. E. Cor. 11th and 
Filbert Sts., Philadelphia, Pa. Mar. 21, 1893 
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SPENCER, Tuomas, General Superintendent and Designer Helios Upton 


Co., 1229 Callowhill St., Philadelphia, Pa. May 19, 1903 
SPENGEL, Hieenany GerorcGeE, General Manager, Rand Central Electric 
Works, Ibyile. Johannesburg, Transvaal, Dees Sept 26. 1902 
SPERLING, R. H. 4, een Engineer, British Columbia Electric Railwa 
Com lide Victoria, Bac Nov. 23, 1898 
Spier, Cuar es L., Vice-President, S. I. Midland R. R. Co., 26 Broadway: 
New York City. Feb 27, 1903 
Spresp, F. P., Secretary, Treasurer and Manager, the Edison Electric 
Illuminating Co., Tamaqua, Penn. July 26, 1900 
Spinney, Louis Bevigr, Professor of Physics and Electrical Engineering, 
Iowa State College, Ames, Iowa. May 19, 1903 


SPOEHRER, HERMANN, Laboratorian, in charge of Test Room Equipment 
Department, N. Y. Navy Yard, Brooklyn, N. Y. Sept’ 27, 1901 


Sporsore, H. N, Electrical Engineer, British Thomson-Houston Co., 


Rugby. Eng. July 25, 1902 
SpPRONG, SEVERN-D., Assistant Engineer of Distribution, The New York 
Edison Co., 55 Duane St., New York City Mar. 27, 1903 
SPURLING, OLIVER CROMWELL, Factory Engineer, Western Electric Co., 
North Woolwich, Eng. Feb. 27, 1903 
SPURRIER, JOHN Rupo.puH, The British Westinghouse E. & M Co., 295 
Urmston Lane, Stretford, Manchester, Eng. Sep. 25, 1903 
Sovuier, Georce O., Capt., Ph.D., U. S. Signal Corps, Headquarters 
Department of California, San Francisco, Cal. May 19, 1891 
STADERMAN, ALBERT LOE, Asst. to Supt. of Equipment, City & Suburban 
Telegraph Association, Cincinnati, Ohio. June 19, 1903 . 
STaFForRD, Rex Tuomas, Foreman, Electrical Construction, Lackawanna 
Steel Co.; res., 126 Cottage St., Buffalo, N. Y. Nov. 20, 1903 


Srau.t, Tu., Engineer 5 Cours Morand, Lyon, France. Nov. 15, 1892 
STakes, D. FRANKLIN, Electrical Engineer; res., 5372 Morris St.. German- 


town, Philadelphia, Pa. Jan. 20, 1897 
STALBERG, SVEN Ovar, Draftsman, General Electric Co.; res., 81 N Com- 
mon St., Lynn, Mass. Apr. 23, 1903 
STansEL, Numa Rep, Electrician, U.S. Navy Yard; res., 205 London St. 
Portsmouth, Va. Mar. 27, 1903 
STARTSMAN, CHARLES WENTWORTH, Sales Department, Crocker- Wheeler 
Co., Ampere, N. J. June 19, 1903 


Steck, Ropert, Designing Electrical Engineer, Western Electric Co., 259 
So. Clinton St.; res., 1520 Wolfram St., Chicago, Ill. Apr. 23. 1903 


STEELE, J. Hersert, Draftsman, Bullock Bisetric Mfg. Co., Cincinnati, 
Ohio. May 19, 1903 


STEELE, WALTER D., Electrical Engineer, with ae Church, 
Kerr & Cos, 8 Bridge St., New York City. Apr. 25. 1900 


Sr. GeorcE, Harry Luxmoorge, Engineering Staff, Shawinigan Water and 
Power Co., Montreal, P. QO. Mar. 27, 1903 


STEINMETZ, EDwaRpD GEorGE, Asst. Supt., The Electric Storage Battery 
Co., 19th St. and Allegheny Ave. Philadelphia, Pa. Sept. 26. 1902 


Srernmetz, WiLtt1aM Renrick, Construction Engineer, Westinghouse 


Electric and Mfg. Co., Pittsburg, Pa. Apr. 23, 1903 
STEPHENS, ARTHUR eae Engineer, 812 West Mercury St., Butte, 
Mont. Nov. 21, 1902 


SrepHENS, CHARLES Epwin, Armature Winder and Meter: Inspector, 
British Columbia Electric Ry. Co., Victoria, B.C. Apr. 23, 1903 
Stern, Mann, Electrical Engineer, ee Electric Co.; res., 138 Glen- 
‘wood Boulevard, Schenectady, N. Y Sept. 25, 1903 
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STERN, Puitrp Kossutn, Practising Electrical and Mechanical Engineer- 


ing, 140 Fulton St., N. Y. Nov. 28, 1900 
STERNEFELD, IstpoRE, Manager, Electrical Department, G. & O. Braniff 
& Co., Callé Cadena 19, Mexico, Mex. June 19, 1903 


SrEvART, WILLIAM, Partner Steuart & Fenn, Auckland, N. Z. 
June 19, 1903 


Stevens, Casor, Electrical Engineer, Brooklyn Edison Electric [lumina- 


ting Co., 360 Pearl St., Brooklyn, N. Y. June 28, 1901 
Stevenson, Epwarp WiL.1aM, Hazard Mfg. Co.; res., 402 South River, 
Wilkesbarre, Pa. Mar. 27, 1903 


STEVENSON, FRaANcIS LESLIE, Electrical Engineer, International Har- 

vester Co., Fullerton & Clayborne Aves., Chicago, Ill. Sept, 25, 1903 - 

Stewart, JoHN Bruce, Superintendent, Electric Plant, Virginia Hot 

Springs Co., Hot Springs, Va. Aug: 23, 1899 
SticKNEY, JosepH WuirTe, Central Union Tel. Co., Indianapolis, Ind. 

Mar. 27, 1903 

’ STILWELL, Tom KENNAN Price, Assistant Engineer, Alternating Depart- 


ment, General.Electric Co., Lynn, Mass. Apr. 23, 1903 
Stine, WILBUR M., Professor of Engineering, Swarthmore College, Swarth- 
more, Pa. May 15, 1894 
StitzeER, ARTHUR Bowers, Draftsman, Philadelphia Rapid Transit Co., 
9th and Dauphin Sts., Philadelphia, Pa. Oct. 24, 1900 
StocKBRIDGE, Geo. H., Patent Attorney, 120 Broadway; res., 2514 11th 
[Life Member] Ave., near 187th St., New York City. May 24, 1887 
STOCKWELL, JosEPH Francis, General Manager, Ontario Telephone Co., 
cor. West 21st and Bridge Sts., Oswego, N. Y. June 19, 1903 
STONE, CHARLES A., With Firm of Stone & Webster, 84 State St., Boston, 
— a ° e May 19, 1891 
TONE, CHARLES WATERMAN, Electri i i . 
res., 18 State St., Schenectady oN Yy Cae ame rp jane 
STONE, CHARLES LeRoy, St. Louis Transit Co., St. Louis, Mo. 
Stone, J P., Oficina de Talleres, F Sede fo 
ONE, JOSEPH P., cina de Talleres, i s Ai 
Estacion Linieres, F. C. O., ial hear ee Sine He 
Stone, WiruiaM, Electrical and Lighting Engineer, The Victoria Railways 
res., 17 Doona Ave., Melbourne, Victoria. June 19, 1903 


STORER, SIMON BREwsTER, Engineer and Salesman, Westingh i 
and Mfg. Co., 1902 University Block, Syracuse,N.Y. ae as Tedd 
StTorKE, Henry Laurens, 2d Vice-President,The Empire State T : 
and Telegraph Co., 102 Genesee St., Auburn, N. Y. Mag oes 


Strout, JosePpH Suypam. JR., Stout & Co., 25 Broad St.: i 
Ave., New York City. ron Ake cary 


STOVEL, Russe, WELLESLEY, Electrical Engi i 
Kerr & Co., Pittsburg, Pa. sR hap ater 


Stover, Ropericx, Albuquerque, New Mexico. Aug. 22, 1902 


STRASBURGER, Epcar, Assistant in Cable Departm i 
Co., 463 West St., New York City. i ey ae eee 


Srraus, THEODORE E., Electrical Engi j 
Linden Ave., Baltimore, Md. te ae Nag Neen 1308 


Srrauss, Herman, A., Consulting Electrical Engi : 
of America, Sheyboygan, Wis ete bo ere yen: otece 4 


SrreBT, GeorGeE TaTum, Station Supt., Logan Power Co., Logan, Utah 
| Dec. 19, 1902 


Tucker Electric Const i 
res., Short Hills, N, J. Maecas e160t 


Stronc, JAMES Remsen, President, The 
Co., 35 So. William St., N. Y.; 
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Stronc, Rusu Price, Asst. Electrician, Southeastern Tariff Assn., 643 


Equitable Bldg., Atlanta, Ga. Jan. 23, 1903 

~ Stuart, Harve R., Electrical Engineer, With W. E. & M.Co., Pittsburg; 
res., 524 Wallace Ave., Wilkinsburg, Pa. Jan. 25, 1901 
STUEVE, Cart A. E. G., Electrical Engineer, with C. O. Mailloux, 76 
William St., New York City. » “Apr. 23, 1903 
STURDEVANT, Cuas. Ratpu, Designing Engineer, The Ohio Brass Co.; res., 
179 Ist St., Mansfield, Ohio. May 16, 1899 
STuRGES, Warp Lex, Student, Polytechnic Inst., Brooklyn; res., 16 E. 
8th St., New York City. Jan. 23, 1903 
STURTEVANT, CHARLES L., Patent Attorney, Atlantic Building, Washing: 
ton, D. C. Dec. 20, 1893 
Stutz, Cuas. C., Assistant Chief Engineer, Pittsburg Plate Glass Co., 
Frick Building, Pittsburg, Pa. Mar. 28, 1900 


SupLow, Harry, Joseph Hull & Co., Mulberry, Florida. Sept. 27, 1901 


SULLIVAN, WILLIAM Van AmMBERG, JR., Mechanical and Electrical 
Engineer, Washington Building, Seattle, Wash. Jan. 24, 1902 


Suman, Harry P., Electrical and Mechanical Engineer, Baltimore Machine 
& Elevator Works, 603 Water St., Baltimore, Md. Aug. 22, 1902 


Summers, LeLanD L., Electrical Engineer, 441 The Rookery, Chicago, Ill. 


Feb. 16 1892 
SuTTER, FREDERICK C., Member, Pittsburg Transformer Co., Pittsburg, 
Pa. *, Dec. 18, 1903 
n Witt1AM, 630 Jackson Boulevard, Chicago, Ill. 
PAREN SOS Se Apr. 23, 1903 


, Bayarp K., Manager of Denver Sales Office, The N. Y. Insu- 
See ated Wire Co., etc.,.708 Equitable Blg.,Denver, Col.Mar. 27, 1903 


AND, Ravpu, Electrical Inspector, New England Insurance Ex- 
Silla able aes 55 Kilby St., Boston; res., Natick, Mass. Oct. 25, 1901 


Switzer, GreorcE H., Superintendent of Construction, Morgantown Elec- 


tric and Traction Co., Morgantown, W. Va. Feb. 27, 1903 

RARD, (Local Secretary) Manager, Western Electric Co., 810 
ear Shibe & Louis, Mo. # ee ae a ieee 
RICK GrorGE, Electrical Engineer, Schenectady Railway 

eee enone aay: N. Y. May 19, 1903 
Sykes, Henry H., Gen. Supt., Southern New England Telephone Co., 
"New Haven, Conn. Oct. 18, 1893 

Szux, Geza, Chief Engineer, Ganz & Co.; res., Csalogany utcza 52 Buda- 
: pest Il., Hungary. Jan. 3, 1902 
TABER, SILAS, 78 South St., Auburn, N. Yo Mar. 27, 1903 
TacHIHARA, JIN, Electrical Engineer, Mining Dept., Mitsu pot Co:, 
ee Engi I ial Japanese a sone 

ical Engineer, Imperia ; 

ee Bee an ace New ee City. % Mar. 27, 1903 
TAHL Aperep Rosert, Student, Polytechnic Institute; res., 222 Carlton 
 Ave., Brooklyn, N. Y. _ Apr. 23, 1903 
Tarr, FRANK M., Manager, New London, Gas and Electric Co., 29 Main 
’ “St., New London, Conn. Sept. 19, 1894 
TartsBot, R1cHMOND, Partner, firm of Sanderson & Porter, 35 William St., 
New York City; res., Tuxedo, N. Y. ; July 25, 1902 
TAMLYN, WALTER IRVING, Student, Polytechnic Institute; res., 280 Van 
Buren St., Brooklyn, N. Y.. i Mar. 27, 1903 
TannaTt, EBEN Tappan, Managing Civil and Electrical Engineer, The 


Oahu College Trustees, Honolulu, H. Ty. Nov. 22, 1901 


. 
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Taptey, WALTER H., Electrician in Government Printing Office, care of 


Public Printer, Washington, D. C. Oct. 25, 1892 
Tatum, Lewis Leeps, General Storekeeper, Bullock Electric Mfg. Co., 
Norwood, Ohio. Feb. 27, 1903 
TayLor, ALBERT, Manager, New York Office, Electric Storage Battery 
Co., 100 Broadway, New York City. May 21, 1901 
TayLor, Epwarp R., Manufacturing Chemist Penn Yan, N. Y. é 
jan. 23, 1903 
TaytLor, Frank H., Westinghouse Electric & Mfg. Co.; res., 7422 Penn 
Ave., Pittsburg, Pa. Jan. 3, 1902 
Taytor, IrvinG A., 390 Ist St., Brooklyn, N. Y. May 17, 1898 
Tayior, JEREmy F., Ceno de Pasco Co., Ceno de Pasco, Peru. 
Dec. 27, 1899 
TayLor, Joun B., Railway Engineering Department, General Electric 
Co., Schenectady, N. Y. Mar. 27, 1903 
Taytor, Nett, Senior Partner, Neil Taylor & Co., Hunthill, Coatbridge, 
Scotland. Apr. 23, 1903 


Taytor, RoBeRT CAMPBELL, Assistant General Superintendent, Brooklyn 
Heights R.R. Co., 168 Montague St., Brooklyn, N.Y. July 28, 1903 


TAYLOR, SAMUEL NEwrToN, Professor Western University of Pennsylvania; 
res., 2206 Perrysville Ave, Allegheny, Pa. Dec. 18, 1903 
TEMPLE, Wirirttam CuaseE, Consulting Engineer, 1110 Farmers’ Bank 
Bldg.; res., 1090 Shady Ave., Pittsburg, Pa May 3, 1887 
TempLe, WorraLt E. S., Constructing Engineer, Pocahontas Collieries 
Co., Pocahontas, Va. Oct. 23, 1903 


Ten Eyck, PETER GANsEvoort, Assistant Engineer of Signals, N. Y.C.& 
H. R. R. R. Co., 25 E. 48th St., New York City. Dec. 18, 1903 


TeRRy, ALBERT SLocoms, Treas. and Manager, The Sunbeam Incandes- 


cent Lamp Co., 463 West St., New York City. Jan. 24, 1902 
TERVET, RoBert, Technical Engineer, Western Electric Co., North 
Woolwich, London, Eng. Sept. 27, 1901 
Testa, Nrxota, Electrical Engineer and Inventor, Wardenclyffe, Long 
Island, N Y. June 5, 1888 
THALER, JosepH AUKEN, Professor of Electrical Engineering, Montana 
A. & M., College, Bozeman, Mont. July 28, 1903 
Tuayer, Georce Lanecstarr, M.E., Electrical Engineer, Weirs Building 
Beaumont, Texas. Aug. 5, 1896 


Tuomas, ALFRED CLARENCE, Engineer, The New York & New Jersey 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Feb 28, 1902 


Tuomas, Davip Rapes, Supt. and Electrical Engineer, Paulius Kill Con- 
struction Power and Teleph. Co., Columbia, N. J. Apr. 23, 1903 


Tuomas, Joun WrituiaMs, Construction Engineer, Electric Storage 


Battery Co., Hokendauqua, Pa. Mar. 22, 1901 
Tuomas, Percy Horsroox, Cooper Hewitt Electric Co., 220 W. 29th 
St., New York ‘City. Oct. 24, 1900 
Tuomas, Ropert McKean, E.E., Member firm of Thomas & Betts 141 
Broadway, New York City. Apr. 22, 1896 
THOMPSON, ALFRED J., Crocker-Wheeler Co., 39 Cortlandt St., New York 
City Jan. 25, 1896 


Tuompson, ErMINE JouN, 3146 Locust St., St. Louis, Mo, Jan. 25, 1901 
THOMPSON, Harrison GILMAN, Jr., Electrician, Bliss Electric Car Light- 


iag Co., 138 Front St., New York City. Feb. 27, 1903 
Tuompson, Joun West, Director, Dept. de Electricidad, Ci setae 
de Guadalajara, Guadalajara, Mexico. : Soni war tae 
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THompson, Mitton T., Constructing Engineer, Mexican General Electric 


Co., Mexico, Mex. Jan. 24, 1900 
THompson, RaLpu Fowter, Electrical Engineer, The United Power Cor 
E. Liverpool, Ohio. Apr. 23, 1903 
TuHompson, Siivanus P., Morland, Chislett Road, West Hampstead, 
London, N. W., Eng. Oct 27anl son 


THOMPSON, i THos. PERRIN, Consulting Engineer, Neff & Thompson, 
Architects and Engineers, Withers Bldg., Norfolk, Va. Jan. 25, 1899 


THompson, WALTER Lez, Supt. Battery Dept,, New York Transporta- 
tion Co., 49th St. and 8th Ave., New York City. Mar. 27, 1903 


THompson, WaRREN Ray, Assistant in Electrical Engineering Depart- 
ment, British Westinghouse Co., London, W.C., Eng. Oct. 24, 1900 


THOMSON, CLARENCE, Fred Thomson & Co., 774 Craig St., Montreal, P. OF 
May 15, 1900 


TuHomson, Gro. Anpros, Special Agent, The Adams-Bagnall Electric Co., 
136 Liberty St., New York; res., Somerville, N. fjo Wiles, ZR) aeyol 


THomson, Grorce Huntineron, Chief Engineer, American Elevated 


R. R. Co.; 25 Broad St., New York City. May 20, 1902 
Tuomson, WittiaM I., Assistant Engineer, Safety Car Heating and Light- 
ing Co., New York City; res., Newark, N. The Mar. 27, 1903 


THORNTON, KENNETH BucHanan, Supt. Line Dept., The Montreal Light, 
Heat and Power Co., N. Y. Life Bidg, Montreal,P. Q.. Apr. 26, 1901 


THURBER, Guy Piummer, Engincer, Salesman and District Manager, 


Bullock Electric Mfg. Co., Pittsburg, Pa. Feb. 27, 1903 
THURBER, Howarp F., General Superintendent, New York Telephone 
Co., 18 Cortlandt St., New York City. Mar. 25, 1896 
TuurRsTON, Louis Stewart, General Electric Co., Perin Building, 5th and 
Race Sts., Cincinnati, Ohio. Aug. 22, 1902 


Tipp, Geo. N., Manager, Beacon Light Co., Chester, Pa. July 26, 1900 
TiLueRY, Paut ALLEN, Student, V. M.I., Lexington, Va. June 19, 1903 
TIMMERMAN, ARTHUR Henry, Supt. Wagner Electric Mfg. Co., 2017 


Locust St.; res., 2633 Park Ave., St. Louis, Mo. Mar. 27, 1903 
TincLey, E. M., Westinghouse Elec. & Mfg. Co.; res., 431 Shady Ave., 
Pittsburg, Pa. July 12, 1900 
TIsCHNER, CHARLES FREDERICK, Draftsman, Townsend & Decker; res., 
878 Lafayette Ave., Brooklyn, N. Y. May 19, 1903 
Tosey, Harry Wirrarp, Member Engineeri:g Dept, Stanley Electric 
Mfg. Co.; res., 40 Oxford St., Pittsfield, Mass. Sept. 27, 1901 
ToERRING, C. J., C. J. Toerring Co., 19th St. and Allegheny Ave., Phila- 
delphia, Pa. Apr. 18, 1894 
ToimaNn, CHARLES Prescott, Asst. Chief Engineer, National Electric Co., 
Milwaukee, Wis. July 28, 1903 
ARENCE M., Electrical Engineer, Public Works Co., Bangor, 

UE Apr. 27, 1898 
Torcuio, Puitip, Engineer of Distribution, New York Edison Co., 55 
ct Duane St., New York City. June 27, 1895 
eT, Max1iME EUGENE JEAN, Consulting Electriciul Engineer, 7 Rue 
a0 Meyerbeer, Paris, France. Jan. 24, 1902 
Georce A., V. P. Tower-Binford Electric and Mfg. Co., 7 South 

te kore St.; res., 102 West Grace St., Richmond, Va. May 15, 1894 


FREDERIC E., Construction Dept., Otis Elevator Co., 17 Battery 
LN al res., 746 St. Nicholas Ave., New York City. May 15, 1900 


; Epwarp Barngs, Eastern Manager, Burdett Rowntree Mfg. Co., 
pans pate Place, New York City; res., Orange, N. J. Mar. 27, 1903 
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Town .ey, Catvert, General Agent, Westinghouse Electric and Mfg. Co., 


11 Pine St., New York City. ‘ Feb. 28, 1901 
TownsEND, Firzuucu, Electrical Engineer, 116th St. and Amsterdam 
Ave.; res., Union Club, New York City. Jan. 20, 1897 


PownsEnD, Henry C., Attorney and Expert in Electrical Cases, 141 
Broadway; res., 354 W. 123d St., New York City. July 10, 1888 


TREADWAY, WILLIAM ANDREW, Instructor of Electrical Engineering, The 


University of Arkansas, Fayetteville, Ark. Dec. 19, 1902 
TREADWELL, AucustTus, JR., E.E., 100 Broadway, New York City; res., 

488 3d St., Brooklyn, N. Y. Feb. 21, 1894 
Treat, Rosert Beipen, Electrical Engineer, Crocker-Wheeler Co., 

Ampere; res., 214 Dodd St., E. Orange, N. J. Jan. 3, 1902 . 


PRIPIER, HenrR1, Technical Engineer of the Societé Francaise d’Incandes- 
cence par le Gaz (Systeme Auer.), Paris, France. Sept. 28, 1898 
Tripp, GEorcE Brown, General Manager, The Colorado Springs Electric 


Co., Colorado Springs, Colo. Apr. 23, 1903 
Tripp, 'GEorRGE Mason, Assistant Superintendent, British Columbia 
Electric Railway Co., Victoria, B. C. Dec. 19, 1902 
Trott, A. H. Harpy, Beer, near Axminster, Devonshire, Eng. 
[Life Member] Jan. 20, 1891 
TRUDEAU, J. A. G., 329 Kent St., Ottawa, Can. May 15, 1900 


TRUESDELL, ARTHUR E.,. 50 Brenton Terrace, Pittsfield, Mass. 


Feb. 15, 1899 
TucKER, ALBERT LincoLNn, In charge Apparatus Sales Dept., Western 


Electric Co., 259 So. Clinton St., Chicago. May 19, 1903 
TuRNER, Harry WINTHROP, Winding and Insulation Specialist, British 
Thomson-Houston Co., Ltd., Rugby, Eng. Nov. 20, 1903 


TuRNER, Maturtas Everett, Electrical Engineer, Cleveland Electric 
Illuminating Co., 711 Cuyahoga Bldg., Cleveland,O. Feb. 27, 1903 
Turpin, Manrty Curry, Testing Department, General Electric Co., 218 


So. 11th St., Philadelphia, Pa. May 19, 1903 
TuTtLe, Horace Burt, Engineering Chemist, 727 Cuyahoga Building, 
Cleveland, O. Sept. 26, 1902 
Ty er, Victor Morris, Secretary, The Scuthern New England Telephone 
Co., New Haven, Conn. Apr. 23, 1903 
TYNDALL, CHARLES H., Ph.D., Minister Reformed Church, 137 South Sixth 
Ave., Mt. Vernon, N. Y. Sept. 27, 1901 
Tync, Francis E., Manager, Eastern Engineering Co., 164 W. 27th St., 
New York; res., Cranford, N. J. Dec. 28, 1898 
Unt, ALBERT, Member of Firm, Uhl & Elliott; res., 517 Edwards St., 
Shreveport, La. Apr. 23, 1903 


UNDERHILL, CHARLES Recinatp, Electrical Engineer, Varley Duplex 
Magnet Co., Phillipsdale ; res., Providence, R. I. Sept. 25, 1903 
eae oops ALvAH Warp, Electrical Draftsman and Designer, Chatham, 


Mar. 27, 1903 
UnpvERwoop, Artuur J., Foreman Electrical Department, Triumph Elec- 
tric Co., 610 Baymiller St., Cincinnati, Ohio. Apr. 23, 1903 


UnpERWoopD, Louis Epwarp, Designing Engineer, General Electric Co. 
West Lynn, Mass. 3 


Apr. 23, 1903 
Unpverwoop, WatterR H.; Foreman Testing Floor, Triumph Electric Co., 
Cincinnati, Ohio; res., Bellevue, Ky. Apr. 23, 1903 

Upp, Joun W., Engineer in charge Draughting Room, General Electric Co’ 
res., 27 Wendell Ave., Schenectady, N.Y,’ Mar. 27, 1903 
Vat, Tuo. N., 26 Cortlandt St., New York City. Apr. 15, 1884 
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VALENTINE, WALTER Scort, Asst. Engr:, Westinghouse Church Kerr & 
Co., 8 Bridge St., New York City: Jan, 23, 1903 


Van Buren, Gurpon C., Enginereing Department, Hudson River Tele- 
phone Co.; res., 62 South Hawk St., Albany, N. Yo Oct. 25,1892 


Vance, J. H., Mechanical Engineer, B. F. Goodrich Co.; res., 168 West- 


wood Ave., Akron, Ohio. Mar. 27, 1903 
Van Creer, Expiorr Eart, Assistant to Supt. of Construction, Western 
Electric Co., 463 West St., New York City. Mar. 27, 1903 


VANDEGRIFT, JAMEs A., Treas. and Manager, The Colorado Lamp Co., 2051 
California St.; res., 1960 Grant Ave., Denver, Colo. Nov. 24, 1891 


VANDERVEEN, ANTHONY R., Machinist, The South India Railway Co., 


Holland Road, Negapatam, India. Jan. 9, 1901 
VAN DEVENTER, CHRISTOPHER, Stanley Electric Mfg. Co., 15 Monadnock 
Block, Chicago, Ill. Feb. 17, 1897 
Van Dyck, Witrram Van Beroin, Electrical Engineer and Contractor; 
res., 439 Manhattan Ave., New York City. Nov. 22, 1901 
VANKIRK, Epwarp Power, Electrical Engineer, Westinghouse Air Brake 
Co., Wilmerding, Pa. _Jan. 3, 1902 
Van Norven, Rupotpu Warner, Supt. and Engineer, Central California 
Electric Co.; res., 1003 K St., Sacramento, Cal. Feb. 27, 1903 
Van Stycx, C. H., Salesman, General Electric Co., 44 Broad St.; res., 
80 Washington Square, E., New York City. Mar. 27, 1903 
Van ViEET, Roy Mircue tt, Chief Electrician, Columbia Iron Works, St. 
Clair; res., Port: Huron, Mich. Mar. 22, 1901 
Van Wyck, Puitip V. R., Jr., New York Telephone Co., 15 Dey St.,-res., 
Plainfield, N. J. Apr. 21, 1891 
VaRNEY, FRANK H., Electrician, San Francisco Gas and Electric Co., 2912 
Mission St., San Francisco, Cal. July 26, 1900 
Varney, WiILL1AM WesL-eEy, City Commissioner of Baltimore, office, City 
Hall; res., 712 N. Carey St.. Baltimore, Md. Nov. 21, 1894 


VAUGHAN, JOHN FarrcuiLp, General Engineer, Stone & Webster, 84 State 
St., Boston; res., 30 Walker St., Cambridge, Mass. Feb. 27, 1903 


VENABLE, Wo. Mayo, The National Contracting Co., 713 Hennen Bldg., 


New Orleans, La. Nov. 30, 1897 
VesER, Lucius Orro, Logan Power Co., Logan, Utah. Deem9 1902 
ViaLL, BENjAMIN Tuomas, Construction Engineer, Los Angeles Traction 

Co.; res., 1052 W. 8th St., Los Angeles, Cal. July 28, 1903 


VIEHE, J. S., 716 Board of Trade Building, Boston, Mass. May 15, 1900 
VinTEN, Ernest Stites, Foreman Knob. Dept. Sargent Com res 89 


Pearl St., New Haven, Conn. Apr. 27, 1898 
Voit, Dr. Ernst., Professor of Electricity, Technical University, Schwan- 
thalerstrasse, Munchen, Germany. Mar. 21, 1894 
Vom Bavr, Car Hans, Hlectrical Engineer, 18 West 130th St., New York 
City. Sept. 26, 1902 
Von AmMoON, SIEGFRIED, Designing Engineer, The British Thomson- 
Houston Co., Ltd., Rugby, Eng. Apr. 23, 1903 


VREELAND, FREDERICK K., 46 E. 21st St., New York City. Oct. 26, 1898 
CuarLes Epwarp, Electrician in charge Electrical Dept., 
eee Estate, Electrical Engineer, W. F. Weaver Power Com 
Biltmore, N. C. Apr. 25, 1902 
WAGENHALS, Epwarp T., Superintendent, Trenton and New Brunswick 
R. R. Co., Trenton, N. J. Apre2zsel 00S 


-Wacon_er, Purtip Dakin, Commercial Department, General Electric Co., 
2 Schenectady, N. Y. Feb. 28, 1902 
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Waitt, ArtHuR Manninc, Superintendent Motive Power and Rolling 
Stock, N. Y.C.& HR R., New York City. June 19, 1903 


Wakeman, JAMES MEANLEY, Manager, Electrical World and Engineer, 114 
Liberty St.; res., East Orange, N. J. Feb. 27, 1903 
Wa rkeM, GEORGE ALEXANDER, Electrical and Mechanical Engineer, 
Vancouver, B. C. Nov. 238, 1900 


Waker, Frank Witkes, Mechanical & Electrical Engr., Babcock & Wil- 
cox, Ltd.; res., 26 Summerhill Ave., Montreal, P. Q. May 21, 1901 


Watker, Mites, Electrical Engineer, The British Westinghouse Electric 


and Mfg. Co., Ltd., Manchester, Eng. Sept. 27, 1901 
Watuace, Cuas. F., Engineer, Stone & Webster, 84 State St , Boston; 
res., Wellesley Hills, Mass Nov. 18, 1896 
Wattace, Ross Strawn, Supt. Peoria Gas and Elec. Co., Peoria, Ill. 
Jan. 23, 1903 
Wariau, Herman L., Assistant Electrician, Cleveland Elec. Ill Co, 711 
The Cuyahoga, Cleveland, Ohio May 15, 1900 
Watter, Cuas. WalTe, Sales Agent, General Electric Co., Claus Spreckels 
Bldg., San Francisco, Cal Aug. 23 1899 
Water, Epmunp Purzet, Electrical Engineer, General Electric Co.; 
res., 14 Union St., Schenectady, N. Y. Mar. 27, 1903 
Watts, Joun Asset, Assistant Engineer, Shawinigan Water and Power 
Co.; res., 1724 Notre Dame St., Montreal, P. Q. May 19, 1903 
WatmsLEy, WALTER Newso Lp, 1002 Harrison Bldg., Philadelphia, Pa. 
Oct. 24, 1900 
Watsu, James, Assistant Foreman, Meter Department, General Electric 
Co.; res., 41 Wall St., Lynn, Mass. May 19, 1903 
Wa ter, Harry Casper, Purdue University; res., 143 Andrew Pl., West 
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